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3.6.5    KALMAN FILTER 
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3.6.5.1    KALMAN_FILTER_COMMON_PARTS TLCSC (CATALOG #P159-0) 

This part, which is designed as an Ada package, contains specifications for all 
CAMP parts which can be used to implement a Kaiman Filter regardless of the 
type of H matrix used. 

3.6.5.1.1    REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
TLCSC: 

| Name | Requirements Allocation  | 

|  State_Transition_And_Process_Noise_Matrices_ 
j   Manager 
I Error_Covariance_Matrix_Manager 
j State Transition_Matrlx Manger 

RU5 

R146 
R148 

3.6.5.1.2 INPUT/OUTPUT 

None. 

W      3.6.5.1.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.5.1.4 LOCAL ENTITIES 

None. 

3.6.5.1.5 INTERRUPTS 

None. 

3.6.5.1.6 TIMING AND SEQUENCING 

None. 

3.6.5.1.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.5.1.8 DECOMPOSITION 

jKw The following table describes the decomposition of this part; 
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| Name 

State Transition_ 
And_Process_Nolse_ 
Matrices_Manager 

Error Covarlance_ 
MatrTx_Manager 

State Transition_ 
MatrIx_Manager 

| Type   | Description 

generic | Manages the State Transition (Phi) and 
package j Process Noise (Q) Matrices 

generic j Manages the Error Covariance (P) 
package | Matrix 

generic j Manages the State Transition (Phi) 
package j Matrix 

3.6.5.1.9 PART DESIGN 

3.6.5.1.9.1 STATE_TRANSITION_AND_PROCESS_NOISE_MATRICES_MANAGER (CATALOG #P160-0) 

This LLCSC is a generic package which manages the State Transition (Phi) and 
Process Noise (Q) matrices. It consists of an Initialize procedure, a 
Propagation function, and functions which return the stored value of each of 
the two matrices. 

3.6.5.1.9.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R145. 

3.6.5.1.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name Type Description                      | 

Time Intervals floating Type for the delta time variable      | 
point 

Phi Matrices private Data type of N x N Phi Matrix         | 
Integrated F Mat rices private Data type of N x N Matrix for         j 

F integration                    | 
Integrated_Q_Mat rices private Data type of N x N Matrix for        | 

Q integration                    j 
Q_Matric.es private Data type of N x N Q Matrix          | 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 
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I Name Type Description 

Add_To_Identity 

SetJTo Identity 
Matrix 

Set_To_Zero_Matrix 

ABA Transpose 

H* n 

•I*II 

procedure 

function 

function 

function 

function 

function 

function 

Adds the identity matrix to an 
Integrated_F_Matrices 

Sets a Phi Matrices type matrix to 
the identity matrix 

Sets a Q_Matrices type matrix to the 
zero matrix 

Multiplies a Phi Matrices type matrix by 
the transpose o? a Q Matrices type 
matrix yielding a Q_Matrices type 
matrix 
Multiplies a Integrated F Matrix by 
a Time Interval yielding a Integrated 
Q Matrix 
Multiplies a Integrated F Matrix by a 
Phi Matrix yielding a Phi Matrix 

Adds a Q Matrix to an Integrated Q 
Marix yielding a Q Matrix 

3.6.5.1.9.1.3 LOCAL ENTITIES 

Data structures: 

This LLCSC stores the State Transition Matrix and the Propagated Process Noise 
Matrix. 

3.6.5.1.9.1.4 INTERRUPTS 

None. 

3.6.5.1.9.1.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Common_Parts; 
with Kalman_Filter_Data_Types; 
with Basic_Data_Types; 
• • • 

package BDT     renames Basic_Data_Types; 
package KFDT    renames Kalman_Filter_Data_Types; 
package KFCommon renames Kalman_Filter_Common_Parts; 
• • • 
type State_Indices     is range 1 .. 27; 
type Measurement_Indices is range 1 .. 5; 
• • « 

package KDT is new Kalman_Filter Data_Types 
(State_lndlces     => State_Indices, 
Measurement_Indices => Measurement Indices, 
Intervals        => BDT.SecondsT; 

use KDT; 
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package Phi_And_0_Manager is new 
KPCommon.State_Transitlon_And Process_Noise_Matrices 

(Time Interval      »> BDI.Seconds, 
Phi_Hatrices       «> KDT. 

N_By N_Statically Sparse_Matrices, 
Integrated_F_Hatrices -> KDT. 

N_By_N Dynamically_Sparse_Matrices, 
Integrated Q Matrices ■> KDT.NByN.Diagonal Matrices, 
Q_Matrices «> KDT.N_By_N_Symmetric.Matrices); 

begin 
• • • 
Phi_And_Q_Manager.Initialize; 
t • • 

Phi And Q Manager. Propagate (Integrated? «> My_Integrated_F, 
Q -> My Q, 
Dt        -> Delta Time); 

My_Propagated_Phi «> Phi_And_Q_Manager.Propagated_Fhl; 

3.6.5.1.9.1.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.5.1.9.1.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

|       Name 

Initialize 

Propagate 

Get_Current 

Propagated Phi 

Type   | Description 

|procedure | Initializes Phi matrix to Identity 
matrix and Q matrix to zero 
matrix 

|procedure j Propagates the Phi and Q matrices 
across time 

|procedure | Returns the current value of the 
Propagated Phi and Propagated Q 
matrices and then resets them 

I function j Returns the current value of the 
Propagated Phi matrix 

3.6.5.1.9.1.8 PART DESIGN 

None. 

3.6.5.1.9.2 KALMAN_FILTER_COMMON_PARTS.ERROR_COVARIANCE MATRIX_MANAGER (CATALOG 
#P161-0) 

This LLCSC is a generic package which manages the Error Covariance Matrix; it 
consists of an Initialize procedure, a Propagation procedure, and a P function, 
which returns the current Error Covariance matrix value 

v>fv 
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3.6.5.1.9.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R146. 

3.6.5.1.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

|    Name | Base Type      |    Description | 

| Phi Matrices | private |Data type of N x N Phi matrix        | 
I'll I 
|P And Q Matrices      |private |Data type of N x N P and Q matrix] 
I "     "" I I "     " I 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

|    Name |    Type        |    Description | 

| ABA_Transpose  |   function | Multiplies a Phi matrix by the transpose of a      | 
| I j    P and_Q matrix yielding a P_and_Q matrix | 
|  "+" j   function j Ad3s two Pand Q matrices yielding a P and Q 

matrix 

3.6.5.1.9.2.3 LOCAL ENTITIES 

Data structures: 

The body of this LLCSC stores the ErrorCovarianceMatrix. 

3.6.5.1.9.2.4 INTERRUPTS 

None. 

3.6.5.1.9.2.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

fc :! 

with Kalman_Filter_Common_Parts; 
th Kaiman Filter_Data_Types; 
th Basic Data Types; 
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package BDT renames Baslc_Data_Types; 
package KFDT renames Kalmai^FllterJtatajrype.':; 
package KFCommon renames Kalman_Filter_Common_Parts; 
• • • 
type State_Indices     is range 1 .. 27; 
type Measurementlndices is range 1 .. 5; 
• • • 
package KDT is new KalmanFilter DataTypes 

(State_lndlces     ■> State_Indices, 
Heasurement_Indices «=> Measurement Indices, 
Intervals ~      -> BDT.Seconds!; 

use KDT; 
• • • 
package P_Manager is new KFCommon.Error Covariance Matrix Manager 

(Phi Matrices    -> KDT.N_By_N_Symmetrie.Matrices, 
P_and_Q_Matrices -> KDT. 

N_By_N_Dynamically_Sparse_Matrices); 
• • • 

begin 
• • • 
PManager.Initialize (Initial? -> My_Initial_P); 

P_Manager.Propagate (Propagated_Phi »> My_Phi, 
PropagatedQ     -> My_Q); 

My_P -> P_Manager.P; 

3.6.5.1.9.2.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.5.1.9.2.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

|       Name 

Initialize 

Propagate 

P 

I Type   | Description 

{procedure | Initializes P matrix to value 
I       j  supplied by the calling routine 
(procedure j Propagates the P matrix using the 
j        j  Propagated Phi and Q matrices 
{function j Returns the current value of the 

P matrix 

3.6.5.1.9.2.8 PART DESIGN 

None. 
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3.6.5.1.9.3 KALMAN_FILTER_COMMON_PARTS. STATE_TRANSITION_MATRIX_MANAGER (CATALOG 

This LLCSC is a generic package which manages the State Transition Matrix, 
commonly known as the Phi matrix. It consists of an Initialization procedure, 
a Propagation function, and a function which returns the stored Propagated_Phi 
value. 

3.6.5.1.9.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R148. 

3.6.5.1.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name | Base Type 

|private 

I 
I 
{private 

Description 

|Integrated_F_ 
I Matrices 
I 
I Phi Matrices 

I      ' 

|Data type for N by N matrix for 
|F Integration 
I 
|Data Type for N by N Phi matrix 

I 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

Name 

|Set To Identity 
Matrix 

I "*" 

Type        | Description 

|function    |Sets a Phi matrix to the Identiy 

ifunction    JMultiplies an Integrated F matrix by 
ja Phi matrix yielding a Phi matrix 
I 

3.6.5.1.9.3.3 LOCAL ENTITIES 

Data structures: 

This package stores the Propagated Phi matrix. 
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3.6.5.1.9.3.4 INTERRUPTS 

None. 

3.6.5.1.9.3.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Common_Parts; 
with Kaiman Filter_Data_Types; 
with Basic_Bata_Types; 
• • • 

package BDT    renames BasicDataTypes; 
package KFDT   renames Kalman_Filter_Data_Types; 
package KFCommon renames Kalman~Filler_Common_Parts; 
« • • 
type State_Indices     is range 1 .. 27; 
type Measurement_Indices is range 1 .. 5; 
• • • 
package KDT is new Kalman_Filter Data_Types 

(State_IndTces ~ «> State_Indices, 
Measurement_Indices «> Measurement Indices, 
Intervals «> BDT.Seconds!; 

use KDT; 
• • • 
package Phi Manager is new KFCommon. State_Transition_Matrix_Manager _^ 

(Integrated FMatrices ~ C^ 
-> KDT.N_By_N_Statically_Sparse Matrices; 

Phi_Matrices «> KDT.N_By_N~Dynamically_Sparse_Matrices); 
• • • 

begin 
• * • 
Phi_Nanager.Initialize; 
• • • 
PhiManager.Propagate (Phi »> MyPhi); 
My_Phi  :■ Phi_Manager.Propagated~Phi; 

3.6.5.1.9.3.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.5.1.9.3.7 DECOMPOSITION 

The following table describes the decomposition of this part: 
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Name 

Initialize 

Propagate 

Propagated Phi 

I Type   | 

|procedure 
I 
|procedure 
I 
I function 

Description 

Initializes Phi matrix to Identity 
matrix 

Propagates the Phi matrix 
across time 

Returns the current value of the 
Propagated Phi matrix 

3.6.5.1.9.3.8 PART DESIGN 

None. 

D 

» 
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package Kalinan_Fllter_Common_Parts is 

pragaa PAGE; 
generic 

type Time Intervals        is digits <>; 
type Phi_Matrices is private; 
type Integrated_F_Matrlces is private; 
type Integrated~Q_Matrices is private; 
type Q Matrices is private; 
with function Add_To_Identity 

(SourceMatrix : Integrated_F Matrices ) 
return Integrated_F_Matrices Is <>; 

with procedure Set To_Identity_Matrix 
TSoürce ; out Phi_Matrlces) is <>; 

with procedure Set To_Zero_Matrix 
X  Source : out Q_Matrices ) is <>; 

with function Aba Transpose 
TA : PhiMatrlces; 
B : Q_Matrices) return Q Matrices is <>; 

with function "*" (Left : IntegratedQ Matrices; 
Right : TlmelntervaTs) 
return Integrated_Q_Matrices is <>; 

with function "*" (Left  : Integrated FMatrices; 
Right : PhiMatrices) return Phi_Matrices is <>; 

with function "+" (Left : Integrated QMatrices; 
Right : Q_MatricesT return Q_Matrices is <>; 

package State_Transition_And_Process_Noise_Matrices_Manager is 

procedure Initialize; 

procedure Propagate( IntegratedF : in Integrated_F_Matrices; 
Q : in Integrated_Q Matrices; 
Dt        : in Time_IntervaTs ); 

procedure Get_Current 
T Propagated_Phi : out Phi_Matrices; 

Propagated_Q  : out Q_Mätrices ); 

function Propagated_Phi return Phi_Matrices; 

end State_Transition_And_Process_Noise_Hatrices_Manager; 

pragma PAGE; 
generic 

type Phi_Matrices is private; 
type PAnd Q_Matrices is private; 
with function AbaJTranspose (A : Phi Matrices; 

B : P_And_Q_Matrices ) 
retum_P_And Q_Matrices is <>; 

with function "+"( Left : PAndQMatrices; 
Right : P_And~Q_Matrices ) 
return P_And_Q_Mätrices is <>; 

package Error_Covariance_Matrix_Miniger is 

procedure Initialize( InitialP : in P_And_Q_Mat rices ); 

procedure Propagate (Propagated_Phi : in Phi_Matrices; 
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Propagated_Q  : in P_And_Q_Matrices ); 

function P return P_And_Q_Matrices; 

end Error_Covariance_Matrix_Manager; 

pragaa PAGE; 
generic 

type Integrated_F_Matrices is private; 
type Phi Matrices-       is private; 
with function "*" (Left : Integrated F Matrices; 

Right : PhiMatrlcesT 
return Phl_Matrices is <>; 

with procedure SetToIdentityMatrix 
(Matrix : out PhiMatrices) is <>; 

package State_Transltion_Matrix_Manager is 

procedure Initialize; 

procedure Propagate( Integrated_F : in Integrated_F_Matrices ); 

function Propagated_Phi return Phi_Matrices; 

end State_Transition_Matrix_Manager; 

end Kalman_Filter_Common_Parts; 

o 
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3.6.5.2 KALMAN_FILTER_COMPACT_H_PARTS TLCSC (CATALOG #P131-0) 

This part, which is designed as an Ada package, contains specifications for all 
CAMP parts which can be used to implement a Kaiman Filter when a compact 
Measurement Sensitivity Matrix (Compact H Matrix) is used 

3.6.5.2.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 

Tlcsc: 

|             Name Requirements Allocation { 

|Compute Kaiman Gain RU9                | 
|Update Error Cövariance Matrix R150                | 
1 Update State Vector R151                | 
Sequentially Update Covariance Matrix and R152                | 
State Vector 

|Kaiman Update R147                | 
Update_Error_Covariance_Matrix_General_Forni R150                | 

3.6.5.2.2 INPUT/OUTPUT 

None. 

3.6.5.2.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.5.2.4 LOCAL ENTITIES 

None. 

3.6.5.2.5 INTERRUPTS 

None. 

3.6.5.2.6 TIMING AND SEQUENCING 

None. 

3.6.5.2.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 
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3.6.5.2.8 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name I Type I Description I 

Compute_Kalman_Gain generic 
function 

Update_Error_ 
Covar i anceMat r i x 

generic 
procedure 

Update_State_Vector generic 
procedure 

Sequen t ially_Upda te_ 
Error Covariance 
Matrix And State" 

generic 
package 

Vector 

KalmanJJpdate generic 
package 

Update_Error_ 
Covariance_Matrix_ 
General_Form 

generic 
procedure 

1 
1 

Computes the Kaiman gain vector 
resulting from the processing of a 
single component of measurement vector,Z 

Computes the Error Covariance Matrix 
resulting from the processing of a 
single component of measurement vector,Z 

Computes the State Vector 
resulting from the processing of a 
single component of measurement vector,Z 

Computes the updated Covariance Matrix, 
P, and state Vector, X. 

Compute the updated State Vector, X, 
given the old X vector, the Z vector, 
the K vector, the Measurement Number, 
and the Compact H array. 

Computes the Error Covariance Matrix 
resulting from the processing of a 
single component of measurement vector,Z 
The general form of the equation is used 

3.6.5.2.9 PART DESIGN 

3.6.5.2.9.1 KALMAN_FILTER_COMPACT_H_PARTS.COMPlITE_KALMAN_GAIN (CATALOG #P132-0) 

This unit is a generic function which computes the Kaiman gain vector resulting 
from the processing of a single component of the measurement vector, Z. 

3.6.5.2.9.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R149. 

3.6.5.2.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data Types: 
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The following table summarizes the generic formal data types required by this 
part: 

Name Base Type Description 

State_Indices discrete Index to the arrays which depend | 
on the number of states      j 

Heasuremen t_Ind ices discrete Index to the arrays which depend | 
on the number of measurements j 

Kalman_Filter_ 
Elements 

floating 
point type 

Elements contained in the 
Kaiman Filter aggregates 

PMatrices private Data type of P matrix 

Measurement 
Variance_Vectors 

vector Vector indexed by Measurement   j 
Indices containing Kalman_Filter_i 
Elements                   j 

K_Column_Vectors vector Vector indexed by State_Indices | 
containing Kaiman Filter Elementsj 

CompactHMatrices vector Data type of Compact H matrix   | 

iT  Subprograms: The following table summarizes the generic formal subroutines 
required by this part: 

Name 

Element 

Type Description 

function  Extracts an element of a P Matrix 

3.6.5.2.9.1.3 INTERRUPTS 

None. 

3.6.5.2.9.1.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Compact_H_Parts; 
with Kalman_Filter_Data_Types; 
with Basic_Data_Types; 
• • • 

package BDT     renames Basic_Data_Types; 
package KFCompact renames Kalman_Filter_Compact_H_Parts; 
* * * 
type State_Indices     is range 1 .. 27; 
type Measurement Indices is range 1 .. 5; 

package KDT is new Kalman_Filter_Data_Types 
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(State_Indlces -> State_Indices, w 
Measurement_Indices «> Measurement Indices, 
Intervals -> BDT.Seconds); 

use KDT; 
• •  • 
function CKG is new KFCompact.Compute_Kalman_Gain 

(Statelndices ■> Statelndices, 
Heasurement_Indices ■> Measurement_Indicesf 
Kaiman Filter Elements ■> Kaiman Fllter_Elements, 
P_MatrTces -> KDT.N_Ey_N_Symmetric.Matrices, 
Measurement Variance Vectors -> KDT.M-by_lTVectors, 
K_Column Vectors «> KDT.N~by_l.Vectors, 
CompactHMatrlces «> KDT.M~by_l_Discrete_Vectors); 

• • • 
begin 

• • • 
My_K :- CKG (P => My P, 

Measurement_Number ■> ThTs_Measurement, 
Compact_H -> My_Compact_H, 
Measurement Variance ■> My Measurement Variance); 

3.6.5.2.9.1.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.2.9.1.6 DECOMPOSITION 

None. 

3.6.5.2.9.2 UPDATEERRORCOVARIANCEMATRIX (CATALOG #P133-0) 

This unit is a generic procedure which computes the updated covariance matrix 
resulting from the processing of a single component of the measurement vector, 
Z. 

3.6.5.2.9.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R150. 

3.6.5.2.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data Types: 

The following table summarizes the generic formal data types required by this 
part: 

# 
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j Name Base Type Description                | 

|State_Indices discrete Index to the arrays which depend j 
on the number of states      j 

|Measurement_Indices discrete Index to the arrays which depend j 
on the number of measurements 

|Kalman_Filter_ 
| Elements 

floating 
point type 

Elements contained in the      j 
Kaiman Filter aggregates 

|P_Matrices private Data type of P matrix 

|P_Row_Vectors vector Vector indexed by State_Indices j 
containing Kaiman Filter_Elementsj 

! K_Column_Vectors vector Vector indexed by Statelndices  | 
containing Kalman_Fllter_Elements j 

Compact_H_Matrices vector Data type of Compact H matrix   | 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

|     Name Type Description 
  

|Row function Extracts a row of a P matrix 

1 
function A K Column Vector is multiplied 

by the transpose of a P Row vector, 
yielding a P matrix 

1 
function Two P matrices are added, yielding a 

Symmetric matrix 

3.6.5.2.9.2.3 INTERRUPTS 

None. 

3.6.5.2.9.2.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Compact_H_Parts; 
with Kalman_Filter_Data_Typei; 
with Basic_Data_Types; 
• • • 

package BDT     renames Basic_Data_Types; 
package KPCompact renames Kalman_Filter_Compact_H_Parts; 
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type State_Indices     is range 1 .. 27; 
type Measurenient_Indices is range 1 .. 5; 
• • • 
package KDT is new KalmanFilter Data_Types 

(State_IndTces -> State_Indices, 
Measurement_Indices «> Measurement Indices, 
Intervals => BDT.SecondsT; 

use KDT; 
• • • 
procedure Update_P is new KFCompact.Update_Error_Covariance_Matrix 

(State_Indlces »> State_Indices, 
MeasurementIndices => Measurement_Indices, 
Kaiman Filter_Elements -> Kaiman Filtir Elements, 
P_MatrTces -> KDT.N_Ey_N Symmetric.Matrices, 
P_Row Vectors «> KDT.N bylTVectors, 
K Column Vectors -> KDT.N"by 1.Vectors, 
Compact_H_Matrices -> KDT.M_by_l_Discrete_Vectors); 

begin 

Update_P (P .> My_P, 
Measurement_Number ■> This_Measurement, 
K -> My_K, 
Compact H >> My Compact H); 

3.6.5.2.9.2.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.2.9.2.6 DECOMPOSITION 

None. 

3.6.5.2.9.3 UPDATE_STATE_VECTOR (CATALOG #P134-0) 

This unit is a generic procedure which updates the State Vector, X, given the 
old X vector, the Z vector, the K vector, the Measurement Number, and the 
Compact H array. 

3.6.5.2.9.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R151. 

3.6.5.2.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

# 
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| Name Base Type Description               | 

|State_Indices discrete Index to the arrays which depend | 
on the number of states 

| Heasuremen t_Ind i ces discrete Index to the arrays which depend j 
on the number of measurements j 

|Kalman_Filter_ 
j Elemints 

floating 
point type 

Elements making up the        j 
Kaiman Filter aggregates     j 

| Heasuremen t_Vect ors vector Vector indexed by Measurement_ 
Indices containing Kalman_FilTer_| 
Elements 

| K_Column_Vec tors vector Vector indexed by State_Indices j 
containing Kalman_Filter_Elements j 

[Statejtectors vector Vector indexed by State_Indices j 
containing Kalman_Filter_Elements j 

Compact_H_Matrices 
[Vectors 

vector Vector indexed by Measurement^  | 
Indices containing State_Indices j 

Subprograms: 

The following table summarizes, the generic formal subroutines required by this 
part: 

Name 

it*« 

Type 

function 

function 

Description 

JAdd a K column vector and a state 
jvector,  yielding a state vector 
I 
|Multiply a K column vector by a Kal- 
jman Filter Element, yielding a K 
column vector 

3.6.5.2.9.3.3 INTERRUPTS 

None. 

3.6.5.2.9.3.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Compact_H_Parts; 
with Kalman_Filter_Data_Types; 

iö<>  with Basic_Data_Types; 

package BDT     renames Basic Data Types; 
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i package KFCompact renames Kalman_Filter_Compact_H_Parts; ^^ 
• • t 

type State_Indlces     is range 1 .. 27; 
type Measurement_Indices is range 1 .. 5; 
• ■ ■ 

package KDT is new Kalman_Filter Data_Types 
(Statelndlces     «> Statelndlces, 
Measurement_Indices ■> Measurement Indices, 
Intervals -> BDT.Seconds); 

use KDT; 
• • • 
package ÜSV is new KFCompact.Update_State_Vector 

(State_Indices      ~ => STate_Indices, 
Heasurement_Indices   ■> Measurement_Indices, 
Kalman_Filter_Elements »> Kaiman Filtir_Elements, 
Measurement_Vectors   -> KDT.M_Ey_l.Vectors, 
K_Column_Vectors      «> KDT.N_by~l.Vectors, 
State_Vectors        => KDT.N_by_l.Vectors, 
Compact_H_Matrices    => KDT.M_by_l_Discrete_Vectors); 

begin 
• • t 

USV (X -> My X, 
Z -> My"Z, 
K -> My"K, 
Measurement_Number ■> This Measurement, 
Compact H -> My Hj; 

— — jßm* 

3.6.5.2.9.3.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.2.9.3.6 DECOMPOSITION 

None. 

3.6.5.2.9.4 SEQUENTIALLYJIPDATE COVARIANCE_MATRIX_AND_STATE VECTOR (CATALOG 
#P135-0) 

This LLCSC is a generic package which contains one procedure, "Update", which 
updates the Covariance Matrix, P, and state Vector, X. 

3.6.5.2.9.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R152. 

3.6.5.2.9.4.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 
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Data Types: 

The following table summarizes the generic formal data types required by this 
part: 

| Name Base Type Description                I 
 1 

|State_Indices discrete 
 1 
Index to the arrays which depend | 

on the number of states      | 

|Measurement_Indices discrete 
1 

Index to the arrays which depend | 
on the number of measurements j 

|Kalman_Filter_ 
| Elements 

floating 
point type 

Elements making up the 
Kaiman Filter aggregates       j 

|P_Matrices private Data type of P matrix         j 

jMeasurement_ 
| Variance_Vectors 

vector 
1 

Vector indexed by Measurement   j 
Indices containing Kalman_Filter_| 
Elements                   ~\ 

|Measurement_Vectors vector Vector indexed by Measurement  j 
Indices containing Kalman_Filter_j 
Elements 

P_Row_Vectors vector Vector indexed by Statelndices j 
containing Kalman_Filter_Elements j 

K_Column_Vectors vector Vector indexed by State_Indices 
containing Kalman_Filter_Elementsj 

StateVectors vector Vector indexed by State_Indices j 
containing Kaiman Filter Elements) 

Compact_H_Matrices vector 
i 

Data type of Compact H matrix   | 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 
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|     Name Type Description           i 

jElement function Extracts an element of a P Matrix   j 

|Row function Extracts a row of a P matrix 

"*»» function A K Column Vector is multiplied 
by the transpose of a P Row vector, 
yielding a P matrix 

1"_" function Two P matrices are added, yielding a 
Symmetric matrix 

1"+" function Add a K column vector and a state 
vector, yielding a state vector 

"*»• function Multiply a K column vector by a Kai- 
man Filter Element, yielding a K 
column vector 

3.6.5.2.9.4.3 LOCAL ENTITIES 

Packages: 

The body of this package instantiates Part R149,  Compute Kaiman Gain, part 
R150, Update Error Covariance Matrix, and part R151, Update State Vector 

3.6.5.2.9.4.4    INTERRUPTS 

None. 

3.6.5.2.9.4.5    TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Compact_H_Parts; 
with Kalman_Filter_Data_Types; 
with Basic_Data_Types; 

package BDI renames Basic_Data_Types; 
package KFCompact renames Kalman_Filter_Compact_H_Parts; 
• • • 
type State_Indices is range 1  ..  27; 
type Measurement_Indices is range 1 ..  5; 

package KDT is new Kalman_Filter Data_Types 
(Stäte_Indices => State_Indices, 
Measurement_Indices => Measurement_Indices, 
Intervals    ~ => BDI.Seconds); 

use KDT; 

package SUCVASV is new KFCompact. 
m 
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Sequentially_Update_Covariance_Matrix_And StateVector 
(State_Indlces -> State_In3ices,_ 

Measurement_Indices       ■> MeasurementJEndices, 
Kaiman FilterElements     => Kaiman Fllter_Elements, 
P_MatrIces -> KDT.N_By_N_Symme trie. Mat rices, 
Miasurement_Variarice_Vectors ■> KDT.M~by~l.Vectors, 
Measurement_Vectors ~ «> KDT.M_by_l.Vectors, 
P Row_Vectors -> KDT.N_by_l.Vectors, 
K~Column_Vectors «> KDT.Nbyl.Vectors, 
State_Vectors «> KDT.Nbyl.Vectors, 
CompactHMatrices        -> KDT.MbylDiscreteVectors); 

• • • 
begin 

SUCVASV.Update (X => My X, 
P => My~P, 
Z -> My~Z, 
Compact_H »> My_Compact_H, 
Measurement_Variance => My Measurement_Variance); 

3.6.5.2.9.A.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.5.2.9.4.7 DECOMPOSITION 

This LLCSC contains Just the function "Update", which updates the Covariance 
Matrix and State Vector. 

3.6.5.2.9.4.8 PART DESIGN 

None. 

3.6.5.2.9.5 KALMANJJPDATE (CATALOG #P136-0) 

This LLCSC is a generic package which contains 1 procedure, "Update" which 
updates the State Vector, X, given the old X vector, the Z vector, the K 
vector, the Measurement Number, and the Compact H array. 

3.6.5.2.9.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R147. 

3.6.5.2.9.5.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

$1     Data Types: 
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The following table summarizes the generic formal data types required by this 
part: 

| Name Base Type Description 

State_Indices discrete Index to the arrays which depend 
on the number of states 

Heasurement_Indices discrete Index to the arrays which depend 
on the number of measurements 

Kalman_Filter_ 
Elements 

floating 
point type 

Elements making up the 
Kaiman Filter aggregates 

PhiMatrices private Data type of Phi matrix 

P And Q Matrices private Data type of a P and Q matrix 

Measurement_ 
Variance_Victors 

vector Vector indexed by Measurement 
Indices containing Kaiman Filter 
Elements 

Measuremen t_Vec tors vector Vector indexed by Measurement_ 
Indices containing Kalman_Filter_ 
Elements 

P_Rov_Vectors vector Vector indexed by StateJEndices 
containing Kalman_Filter_Elements 

K_Column_Vectors vector Vector indexed by Statelndices 
containing Kalman_Filter_Elements 

StateVectors vector Vector indexed by Statelndices 
containing Kalman_Filter_Elements 

t Compact_H_Matrices vector Data type of Compact H matrix 

^""^n, 

^Sr 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

$> 
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|     Name Type Description 

|Element 

I 

function Extracts an element of a P and Q 
Matrix 

I 
JRov function Extracts a row of a P and Q matrix  j 

ABAJTranspose function Performs an ABA transpose on a Phi  j 
Matrix and a P and Q Matrix        \ 

"*" function A K Column Vector is multiplied 
by the transpose of a P Row vector,  j 
yielding a P and Q matrix          j 

"_" function Two P and Q matrices are added,     j 
yielding a P and Q matrix 

n + »i function Add a K column vector and a state   j 
vector, yielding a state vector    j 

•«*»' function Multiply a K column vector by a Kal- j 
man Filter Element, yielding a K    j 
column vector                   | 

3.6.5.2.9.5.3 LOCAL ENTITIES 

Packages: 

The body of this package instantiates Part R152, Sequentially Update Covariance 
Matrix and State Vector, and Part R146, Error Covariance Matrix Manager 

3.6.5.2.9.5.4 INTERRUPTS 

None. 

3.6.5.2.9.5.5   TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Fllter_Compact_H_Parts; 
with Kalman_Fllter_Data_Types; 
with Baslc_Data_Types; 

package BDT renames Baslc_Data_Types; 
package KFCompact renames Kalman_Filter_Compact_H_Parts; 
• • • 
type State_Indlces     is range 1 .. 27; 
type Measurement_Indlces is range 1 .. 5; 
• • • 
package KDT is new Kalman_Filter DataTypes 

(State_IndTces ~   => State_Indices, 
Measurement Indices => Measurement Indices, 
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Intervals        -> BDT.Seconds); 
use KOT; 
• • • 
package Kal_Update is new KFCompact.Kalman_Update 

(Statelndices ■> State_Indices, 
Measureinent_Indices ■> Heasureinent_Indices, 
Kaiman Filter_Elements ■> Kaiman Filter Elements, 
Phi_Matrlces ■> KDT.N_6y_N_Dynamically_Sparse_Matrice 
P_and_Q_Matrices »> KDT.N~by~N~Sy™inetrie.Matrices, 
Measurement_Variance_Vectors «> KDT.M_by~l7Vectors, 
MeasurementVectors ■> KDT.M_by_l.Vectors, 
P Row_Vectors -> KDT.N by_l.Vectors, 
K~Column_Vectors »> KDT.N~by_l.Vectors, 
State Vectors -> KDT.N by 1.Vectors, 
Compact_H_Matrices »> KDT.M_by_l_Discrete_Vectors); 

begin 
• • • 
KalUpdate.Update (X => My X, 

P => My P, 
Z => My~Z, 
Compact H => My_Compact_H, 
Measurement Variance ■> My~Measurement Variance, 
PropagatedPhi -> My_Phi, 
PropagatedQ ■> My_Q)j 

3.6.5.2.9.5.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.5.2.9.5.7 DECOMPOSITION 

This LLCSC contains just the function "Update", which does the Kaiman Update. 

3.6.5.2.9.5.8 PART DESIGN 

None. 

3.6.5.2.9.6 UPDATE_ERROR_COVARIANCE_MATRIX_GENERAL_FORM 

This unit is a generic procedure which computes the updated covariance matrix 
resulting from the processing of a single component of the measurement vector, 
Z. 

3.6.5.2.9.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R150. 

c 
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3.6.5.2.9.6.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data Types: 

The following table summarizes the generic formal data types required by this 
part: 

Name Base Type Description                | 
 I 

State_Indices discrete 
 1 

Index to the arrays which depend j 
on the number of states      j 

i 

Heasuremen t_Ind i ces discrete 
1 

Index to the arrays which depend | 
on the number of measurements 

i 

Kalman_Filter_ 
Elements 

floating 
point type 

1 
Elements contained in the      | 

Kaiman Filter aggregates     j 

PMatrices private Type of covariance matrix. It  j 
represents a symmetric matrix   j 
index by (states, states)      j 

K H Product 
Hatrices 

private A matrix of the form I KH, where j 
K is a KColumnVector and H is j 
a row of the H matrix. It     j 
represents a matrix indexed by  | 
(states, states)            j 

Measurement 
Variance_ ~ 

vector Type of Measurement Variance    | 
Vector (R). It is indexed by   j 
(states)                   j 

KColumnVectors vector Type of a Column of the Kaiman  j 
Gain Matrix (K). It is indexed j 
by (states)                | 

Compac t _H_Ma trices vector A vector, index by Measurement_ j 
Indices containing the indices of | 
the measured states. It repre- j 
sents a matrix indexed by      | 
(Measurement, states) that is allj 
zeroes except for locations    j 
specified by row=I, column^ 
Compact_H_Matrices(I)          | 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 
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Name Type Description 

I Minus Column 
Matrix" 

function K and the current state measured (as 
indicated by whicvh element of the 
current row of H is a "l") -> I_KH 

ABA Transpose function K H Product Matrices * Kaiman Filter 
Elements *  transposed H Product 
Matrices) -> PMatrices 

ABA Transpose function K Colunm Vectors * Kaiman Filter 
Elements *  transpose( K Column 
Vectors) => PMatrices 

n+ n function P_Matrices + PMatrices «> PMatrices 

3.6.5.2.9.6.3 INTEF IRUPTS 

None. 

3.6.5.2.9.6.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Compact_H_Parts; 
with Kalman~Filter~Data_Types; 
with Basic_Bata_Types; 
• • • 

package BDT renames Basic_Data_Types; 
package KFCompact renames Kalman_Filter_Compact_H_Parts} 

type State_Indices is range 1  ..  27; 
type Measurement_Indices is range 1  ..  5; 
•  • • 
package KDT is new Kaiman Filter DataJTypes 

(Stäte_IndTces => Statelndices, 
Measurement_Indices => Measurement_Indices, 
Intervals    " => BDT.Seconds); 

use KDT; 

procedure Update P is new KFCompact.Update_Error_Covariance_Matrix 
(Measürement_Indices => Measurement_Indices, 
State Indices => State Indices, 
Kaiman Filter Elements => KDT.KilmanFilterElements, 
P_MatrTces => KDT.N_by_N_Symmetric.Matrices, 
P_Row_Vectors => KDT.N_By_l.Vectors, 
K_Column_Vectors => KDT.N_By_l.Vectors, 
Compact ii Matrices => Compact H Vectors); 

begin 

Update_P (P 
Measurement Number 

=> My P, 
=> This Measurement, 
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K -> My_K, 
Compact_H ■> My_Conipact_H); 

• • • 

3.6.5.2.9.6.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.2.9.6.6 DECOMPOSITION 

None. 

tf 

® 
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pragma PAGE; 
generic 

type State_Indices 
type Measurement_Indices 
type Kalman_Filtir_Elements 

type P_Matrices is private; 

is (<>); 
is (<»; 
is digits <>; 

type Measurement_Variance_Vectors is array (Measurenient_Indices) 
of Kalman_Filter_Elements; 

type K_Column Vectors is-array (State_Indices) 
of KaTman_Filter_Elements; 

type Compact_H_Matrices is array (Measureinent_Indices) of State_Indlces; 

with function Element (Source : PMatrices; 
Row   : State_Indices; 
Column : State_Indices) 
return Kaiman Filter Elements is <>; 

t>r 

function Compute Kaiman Gain 
(P 
Measurement_Number 
Compact_H 
Measureient_Variance 

return K Column Vectors; 

PMatrices; 
Measurement Indices; 
Compact_H_Mitrices; 
Measurement Variance Vectors) 

pragma PAGE; 
generic 

type Statelndices 
type Measurement_Indices 
type Kalman_Filter_Elements 
type P_Matrices 
type P_Row_Vectors 

type K_Column_Vectors 

type Corapact_H_Matrices 

with function Row (Source 
Row 

with function "*" (Left : 
Right : 
(Left : 
Right : 

with function 

is «>); 
is «»; 
is digits <>; 
is private; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
is array (Measurement'lndices) 

of State_Indices7 
P_Matrices; 
State_Indices) return P_Row_Vectors is <>; 

K_Column_Vectors; 
P_Row_Vectors) return P_Matrlces is <>; 
P~Matrices; 
P Matrices) return P Matrices is <>; 

i 

procedure Update_Error Covariance_Matrix 
(P T in out 
Measurement_Number : in 
K : in 
Corapact_H        : in 

pragma PAGE; 
generic 

type Statelndices       is (<>); 
type Measurement_Indices   is (<>); 

P_Matrices; 
Measurement_Indices; 
K_Column_Vectors; 
Compact H Matrices); 
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type Kaiman Filter Elements is digits <>; 
type Measurement_Vectors 

type K_Column_Vectors 

type State_Vectors 

type Compact_H_Matrices 

vith function "+" (Left 
Right 

with function "*" (Left 
Right 
return K_Column_Vectors is <>; 

procedure Update State_Vector 
(X " 
Z 
K 
Measurement_Number 
Compact H 

is array (Measurement_Indices) 
of Kalman_Filter_Elements; 

is array (State_Indices) 
of Kalman_Filter_Elements; 

is array (State Indices) 
of Kalman_Filter_Elements; 

is array (Measurement~Indices) 
of State_IndicesT 

K_Column_Vectors; 
State_Vectors) return State_Vectors is <>; 
K_Column_Vectors; 
Kaiman Filter Elements) 

in out State Vectors; 
in 
in 
in 
in 

Measurement Vectors; 
K_Column_Vectors; 
Measurement_Indices; 
Compact_H_Mitrices); 

pragma PAGE; 
generic 

type State_Indices       is (<>); 
type Measurement_Indices   is (<>); 
type Kaiman Filter_Elements is digits <>; 
type PMatrlces is private; 
type Measurement_Variance_Vectors is array (Measurement_Indices) 

of Kalman_Filter~Elements; 
type Measurement_Vectors is array (Measurement_Indices) 

of Kalman_Filter_Elements; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
type Compact_H_Matrices is array (Measurement_Indices) of State_Indices; 
with function Element (Source : PMatrices; 

Row   : State_Indices; 
Column : State Indices) 
return Kalman_FTlter_Elements is <>; 

with function Row (Source : P_Matrices; 
: State_Indices) return P_Row_Vectors is <>; 

: K_Column_Vectors; 
: P~Row_Vectors) return P_Matrices is <>; 
; P_Matrices; 
: P_Matrices) return P_Matrices is <>; 
: K_Column_Vectors; 
: State Vectors) 

type P_Row_Vectors 

type K_Column_Vectors 

type State Vectors 

Row 
with function "*" (Left 

with function 

with function 

Right 
(Left 
Right 
(Left 
Right 

return State_Vectors is <>; 
with function "*M (Left : KColumn Vectors; 

Right : Kalman_Fllter_Elements) 
return K_Column_Vectors is <>; 

package Sequentially_Update_Covariance_Matrix_And_State_Vector is 
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procedure Update 
(P 

X 
Z 
Compact_H 
Heasureient Variance 

Page 303 

in out P_Matrices; 
in out Slate_Vectors; 
in   Measureinent_Vectors; 
in    Compact_H_Mätrices; 
in    Measurement Variance Vectors); 

D 

end Sequen t i ally_Update_Covariance_Ma t r i x_And_S tat e_Vec t or; 

pragma PAGE; 
generic 

type State_Indices is (<>); 
type Measurement_Indices is (<>); 
type Kalman_Filter_Elements is digits <>; 

type Phi_Matrices   is private; 
type P_And_Q_Matrices is private; 

type Measurement_Variance_Vectors is array (Measurement_Indlces) 
of Kalman_Filter_Elements; 

type Measurement_Vectors-is array (Measurement_Indlces) 
of Kalman_Filteir_Elements; 

is array (State~Indices) 
of Kalman~Filter_Elements; 

type K_Column_Vectors   is array (State_Indices) 
of Kalman~Filter_Elements; 

is array (State_Indices) 
of Kalman_Filter Elements; 

type Compact_H_Matrices is array (Measurement_Indices) of State_Indices; 

type P Row Vectors 

type State Vectors 

with function 

with 

with 

with 

with 

with 

with 

with 

with 

function 

function 

function 

function 

function 

function 

function 

function 

n* n 

"*« 

Element (Source : P_And_Q_Matrices; 
Row   : State~Indices; 
Column : State Indices) 
return Kalman_FTlter_Elements is <>; 

Row (Source : P_And_Q_Matrices; 
Row   : StateJEndices) return P_Row_Vectors is <>; 

AbaJTranspose (Phi : Phi Matrices; 
P  : PAndQMatrices) 
return P~And_Q_Matrices is <>; 

(Left : K_Column Vectors; 
Right : P Row Vectors) return P And Q Matrices is <>; 
(Left : PKiMätrices; 
Right : State_Vectors) return State_Vectors is <>; 

"-" (Left : PAndQ Matrices; 
Right : P_And_Q~Matrices) 
return P_And Q Matrices is <>; 

"+" (Left : K Column Vectors; 
Right : StateVectors) 

return State Vectors is <>; 
"+" (Left : P~And_Q_Matrices; 

Right : P~And~Q_Matrices) 
return P And Q_Matrices is <>; 

"*" (Left ~: K~Column_Vectors; 
Right : Kälman_Filter_Elements) 

return K Column Vectors is <>; 

package Kaiman Update is 
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procedure Update 
(X in out State_Vectors; 
P in out P_And_Q_Matrices; 
Z in Measurement_Vectors; 
Compact_H in Compact_H_Mitrices; 
Measureiiient Variance in Measurement Variance Vectors; 
PropagatedPhi in Phi Matrices; 
PropagatedQ in P And Q Matrices); 

end Kalman_Update; 

pragma PAGE; 
generic 

type State_Indices 
type Measurement_Indices 
type Kaiman Filter Elements 

is «»; 
is «>); 
is digits <>; 

type P_Matrices        is private; 
type K~H_Product_Matrices is private; 

type Measurement_Variance_Vectors is array (Measurement_Indices) 
of Kalman_Filter_Elements; 

type K_Column_Vectors  is array (State_Indices) 
of Kalman_Filter Elements; 

type Compact_H_Matrices is array (Measurement_Indices) of State_Indices; 
with function I_Mlnus_Column_Matrlx (K : K_Column Vectors; 

State_Measure : State_In9ices) 
return~K_H_Product_Matrices is <>; 

vith function Aba Transpose (A : K_H ProductMatrices; 
B : PMatrlces) 
return P_Matrices is <>; 

with function AbaTranspose (A ! KColumn Vectors; 
B : KalmanFllter Elements) 
return P_Matrices Is <>; 

with function "+" (Left : PMatrlces; 
Right : P_Matrices) return P_Matrices is <>; 

procedure Update Error Covariance Matrix General Form 

^8C 

(P 
Measuremen t_Number 
K 
Compact_H 
Measuremen t_Var iance 

end Kalman_Filter_Compact_H_Parts; 

in out P_Matrices; 
in Measurement_Indices; 
in K_Column_Vectors; 
in Compact_H_Matrices; 
in Measurement Variance Vectors); 
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3.6.5.3 KALMAN_FILTER_COMPLICATED_H_PARTS TLCSC (CATALOG #P143-0) 

This part, which is designed as an Ada package, contains specifications for all 
CAMP parts which can be used to implement a Kaiman Filter when a complicated 
Measurement Sensitivity Matrix (Complicated H Matrix) is used. 

3.6.5.3.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
TLCSC: 

I Name Requirements Allocation | 

| Compute_Kalman_Gain 
j Update_Error_Covariance_Matrix 
|Update_State_Vector 
j Sequentially~Update_Covariance Matrix_and_ 
j State_Vectör 
|Kalman_Update 
|Update_Error Covariance_Matrix General_Form 

3.6.5.3.2 INPUT/OUTPUT 

.•  None. 

3.6.5.3.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.5.3.4 LOCAL ENTITIES 

None. 

3.6.5.3.5 INTERRUPTS 

None. 

3.6.5.3.6 TIMING AND SEQUENCING 

None. 

3.6.5.3.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 
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3.6.5.3.8 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name 

Compute Kaiman Gain 

Update_Error_ 
Covariance Matrix 

Update State Vector 

Type Description 

|generic 
I function 

jgeneric 
|procedure 

(generic 
|procedure 

Sequentially_Update_jgeneric 
Error Covariince_  (package 
Matrix_And_State_ 
Vector 

Kaiman Update 

Update_Error_ 
Covarlance_Matrix_ 
General Form 

(generic 
|package 

(generic 
j procedure 

Computes the Kaiman gain vector 
resulting from the processing of a 
single component of measurement vector,Z 

Computes the Error Covariance Matrix 
resulting from the processing of a 
single component of measurement vector,Z 

Computes the State Vector 
resulting from the processing of a 
single component of measurement vector,Z 

Computes the updated Covariance Matrix, 
P, and state Vector, X. 

Compute the updated State Vector, X, 
given the old X vector, the Z vector, 
the K vector, the Measurement Number, - 
and the Compact H array. 

Computes the Error Covariance Matrix 
resulting from the processing of a 
single component of measurement vector,Z 
using the general form 

3.6.5.3.9 PART DESIGN 

3.6.5.3.9.1 COMPUTE_KALMAN_GAIN (CATALOG #P144-0) 

This LLCSC is a generic function which computes the Kaiman gain vector 
resulting from the processing of a single component of the measurement vector, 
Z. 

3.6.5.3.9.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R182. 

3.6.5.3.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

W 
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Data types; 

The following table describes the generic formal types required by this part; 

| Name 

|State_Indices 

jMeasuremen t_Ind i ces 

|Kalman_Filter_ 
Elements 

iP_Matrices 

jH_Matrices 

H Row Vectors 

IMeasurement_ 
Variance_ 
Vectors" 

IK Column Vectors 

Base Type  | Description | 

discrete    Index to the arrays which depend 
on the number of states 

discrete    Index to the arrays which depend 
on the number of measurements 

floating    Elements contained in the 
point type   Kaiman Filter aggregates 

private     Data type for n x n P matrixx 

private     Data type for n x n H matrix 

private     Data type of vector representing 
an H vector 

array      Vector indexed by Measurement 
Indices containing Kalman_Filter_ 
Elements 

array       Vector indexed by State_Indices 
containing Kaiman Filter Elements 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

Name 

Active H Vector 

Type 

I function 

Description 

Times Transpose  {function 

Dot Product function 

!function 

jReturns the row of an (MxN) H matrix 
that is referenced 

|Multiplies a P matrix by the trans- 
jpose of a n x 1 H Row Vector, yield- 
ing a K Column Vector 

|Multiplies a (Nxl) H Row Vector by a 
|K Column Vector, yielding a Kaiman 
I Filter Element 

[Divides a (Nxl) K Column Vector by a 
JKalman Filter Element, yielding a 
K Column Vector 
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3.6.5.3.9.1.3 INTERRUPTS 

None. 

3.6.5.3.9.1.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Complicated_H_Parts; 
with Kalman_Filter~Data_Types; 
with Basic_Data_Types; 
• • • 

package KFCompx renames lCalman_Filter_Complicated_H_Parts; 
package BDT renames Basic_Data_Types; 
• • • 
type State_Indices     is range 1 .. 27; 
type Measurement_Indices is range 1 .. 5; 

package KDT is new Kalman_Filter Data_Types 
(State_IndTces     => State_Indices, 
Measurement_Indices => Measurement Indices, 
Intervals ~      => BDT.Seconds); 

use KDT; 
• • • 
function CKG is new KFCompx.Compute_Kalman Gain 

(State_Indices        -> State_Indicest 
Measurement Indices   ■> Measurement Indices, | ' 
Kaiman FilterElements => KDT.Kalmanfilter Elements, "^ 
P Matrices -> KDT.N by N Symmetric.Matrices, 
H~Matrices -> KDT.M~By~N~Statically_Sparse.Matrices; 
H~Row_Vectors       -> KDT.NByl.Vectors, 
Measurement_Variance Vectors 

«> KDT.M_By_l.Vectors, 
K_Column_Vectors     «=> KDT. NByl. Vectors); 

begin 

My_K :- CKG (P -> My P, 
Measurement_Number     ■> ThIs_Measurement, 
Complicated_H «> MyCömplicatedH, 
Measurement Variance ■> My Measurement Variance); 

3.6.5.3.9.1.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.3.9.1.6 DECOMPOSITION 

None. 

%• 
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3.6.5.3.9.2 UPDATE_ERROR_COVARIANCE_MATRIX (CATALOG #PU5-0) 

This unit is a generic procedure which computes the updated covariance matrix 
resulting from the processing of a single component of the measurement vector, 
Z. 

3.6.5.3.9.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R183. 

3.6.5.3.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

|  Name Base Type Description                | 

|State_Indices discrete Index to the arrays which depend | 
on the number of states      j 

j Measurement_Indices discrete Index to the arrays which depend j 
on the number of measurements j 

iKalman_Filter_ 
j Elements 

floating 
point type 

Elements contained in the      j 
Kaiman Filter aggregates     j 

|P_Matrices private Data type for private n x n P   j 
matrix                      j 

|H_Matrices private Data type for private H matrix  j 

|H_Row_Vectors private Private vector representing a   j 
row of the H matrix            j 

|K_H_Product_ 
j Matrices 

array Private matrix representing     j 
product of K and H matrices     j 

|K_Column_Vectors vector Vector indexed by State_Indices  j 
containing Kalman_Filter_Elementsj 

Subprograms: 

The following table summarizes ehe generic formal subroutines required by this 
part: 
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Name 

[Active H Vector 

iSubtract From 
Identity 

I "*•• 

| Type   | Description 

|function (Returns the row of a (MxN) H Matrix 
I that is referenced 

i 
|procedure {Subtracts a K H Product matrix from 

I the Identity Matrix (i.e., I - S) 

i 
|function (Multiplies a K Column Vector by a H 

|Rov Vector, yielding a K H Product 
(Matrix 

I 
|function (Multiplies a K H Product Matrix by a 

(P Matrix, yielding a P Matrix 

3.6.5.3.9.2.3 INTERRUPTS 

None. 

3.6.5.3.9.2.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Pilter_Complicated_H_Parts; 
with Kalman_Filter~Data_Types; 
with Baslc_Data_Types; 
• • • 

package KFCompx renames Kalman_Filter_Complicated_H_Parts; 
package BDT   renames Basic_Data_Types; 

type State_Indices     is range 1 .. 27; 
type Heasurement_Indices is range 1 .. 5; 
• ■ • 

package KDT is new Kalman_Filter DataJTypes 
(State_IndTces ~   «> State_Indices, 
Measurement_Indices ■> Measurement Indices, 
Intervals        »> BDT.SecondsJ; 

use KDT; 
• • • 
procedure Update_P is new KFCompx.Update_Error Covariance_Matrix 

(State_lndices 
Measurement_Indices 
Kaiman Filter Elements 
P Matrices 
Beatrices 
H~Row_Vectors 
KHProductMatrices 
K Column Vectors 

> Stäte_In3ices, 
-> Measurement_Indices, 
=> KDT.Kaiman Filter_Elements, 
=> KDT. N_by_N~Symme trie. Ma trices, 
=> KDT.M By_N~Statically_Sparse.Matrices, 
=> KDT.N~By_l7Vectors, 
=> KDT.N_by_N_Dynamically_Sparse_Matrices, 
=> KDT.N By 1.Vectors); 

begin 

UpdateP (P 
Complicated_H 

=> My_P, 
=> My Complicated H, 
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Measurement_Number  «> This Measurement, 
K -> MyKT; 

• • • 

3.6.5.3.9.2.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.3.9.2.6 DECOMPOSITION 

None. 

3.6.5.3.9.3 UPDATE_STATE_VECTOR (CATALOG #PU6-0) 

This unit is a generic procedure which updates the State Vector, X, given the 
old X vector, the Z vector, the K vector, the Measurement Number, and the 
Complicated H array. 

3.6.5.3.9.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R184. 

3.6.5.3.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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| Name 

|State_Indices 

j Measurement_Indi ces 

|Kalman_Filter_ 
| Elements 

|HMatrices 

|H_Row_Vectors 

|Measurement_Vectors 

j K_Column_Vectors 

State Vectors 

| Base Type  | Description 

discrete    |Index to the arrays which depend 
j  on the number of states 

discrete    jIndex to the arrays which depend 
j on the number of measurements 

floating    {Elements contained in the 
point type  j Kaiman Filter aggregates 

private     {Data type of m x n H matrix 

private     (Vector representing a row of an 
JH matrix 

vector     |Vector indexed by Measurement 
{Indices 

vector     jVector indexed by State_Indices 
{containing Kaiman Filter Elements 

vector     jVector indexed by State_Indices 
jcontaining Kaiman Filter Elements 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

TC7 

Name 

Actlve_H_Vector 

11*11 

Dot Product 

| Type   | Description 

function  {Returns the row of a (MxN) H matrix 
j that is referenced 

I 
function {Computes the product of an H Row 

{vector and a State vector, yeilding 
ja Kaiman Filter Element 

I 
function {Multiplies a (Nxl) K Column Vector 

(by a Kaiman Filter Element, yielding 
(a K Column Vector 

{ 
function  {Adds a state vector and a K column 

(vector (both nxl) yielding a state 
vector 

3.6.5.3.9.3.3 INTERRUPTS 

None. 
& 
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3.6.5.3.9.3.4    TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Coinplicated_H_Parts; 
with Kaiman FilterJ)ata_Types; 
with BasicBataTypes; 
• • • 

package KFCompx renames Kalman_Fllter Complicated_H_Parts; 
package BDT    renames Basic_Data_Types; 
• • • 
type State_Indices     is range 1 .. 27; 
type Measurementlndices is range 1 .. 5; 
• • • 
package KDT is new Kalman_Filter Data_Types 

(Stite_IndTces => Statejtndices, 
Measurement_Indices »> Measurement_Indices, 
Intervals => BDT.Seconds!; 

use KDT; 
• • • 
package USV is new KFCompx.Update_State_Vector 

(State_Indices        => State_Indices, 
Measurement_Indices   ■> Measurement Indices, 
Kaiman Filter Elements => KDT.Kaiman Filter Elements, 
H Matrices  ~      -> KDT.M_By_N~Staticälly Sparse.Matrices, 
H~Row Vectors        -> KDT.N_By_lTVectors, 
MeasurementVectors   -> KDT.M_By 1.Vectors, 
K Column Vectors     ■> KDT.N~By-l'Vectors, 
State_Vectors        «> KDT.N_By~l.Vectors); 

• • • 
begin 

USV (X -> My_X, 
Z M> My_Z, 
Complicated_H «> My Complicated_H, 
MeasurementNumber x> This Measurement, 
Complicated-!} => My HT; 

3.6.5.3.9.3.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.3.9.3.6 DECOMPOSITION 

None. 

3.6.5.3.9.4 SEQUENTIALLY UPDATE COVARIANCE MATRIX AND STATE VECTOR (CATALOG 
#P147-0) 

This LLCSC is a generic package which contains 1 procedure, "Update", which 
updates the Covariance Matrix, P, and state Vector, X. 
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3.6.5.3.9.4.1    REQUIREMENTS ALLOCATION 

This part meets CAHP requirement R152. 

Page 3U 

3.6.5.3.9.A.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

|  Name 

I States Indices 

Base Type 

■discrete 

Description 

Measurement Indices discrete 

|Kalman_Filter_ 
Elements 

IP Matrices 

H Matrices 

iK_H_Product_ 
Matrices 

|H Row Vectors 

jfloating 
point type 

iprivate 

jprivate 

jprivate 

jprivate 

Measurement Vectors vector 

|Measurement_     |vector 
Variance_ 
Vectors 

IK Column Vectors   I vector 

I State Vectors     vector 

|Index to the arrays which depend 
on the number of states 

{index to the arrays which depend 
on the number of measurements 

{Elements contained in the 
Kaiman Filter aggregates 

JData type for n x n private P 
{matrix 

jData type for private m x n H 
jmatrix 

jData type for private n x n K 
jand H matrix 

jVector representing a row of a 
|P matrix 

|Vector indexed by Measurement 
{indices containing Kalman_Filter 
jElements 

{Vector indexed by Measurement_ 
|Indices containing Kalman_Filter_ 
{Elements 

{Vector indexed by State Indices 
j containing Kalman_Filter_Elements | 

{Vector indexed by State_Indices 
|containing Kaiman Filter Elements{ 

© 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 
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|     Name 

|Active H Vector 

I 
I 
(Subtract From 
j Identity 

I 
(Times Transpose 

Dot Product 

Dot Product 

n* ft 

11*11 

"*" 

| Type   | Description 

function (Returns the row of an (MxN) H matrix 
j that is referenced 

procedure (Subtracts a K and H Product matrix 
(from the Identity Matrix(i.e., I - S) 

function (Multiplies a P matrix by the trans- 
(pose of a H Row Vector, yielding a 
[K Column Vector 

function [Multiplies a H Row Vector by a K 
(Column vector, yielding a Kaiman 
(Filter Element 

function (Multiplies a H Row Vector by a State 
[vector, yielding a Kaiman Filter 
(Element 

function [Multiplies a K Column Vector by a H 
(Row Vector, yielding a K and H 
[Product Matrix 

function (Multiplies a K and H Product Matrix 
(by a P Matrix, yielding a P Matrix 

function (Multiplies a K Column Vector by a 
[Kaiman Filter Element, yielding a 
|K Column Vector 

|function [Divides a K Column Vector by a Kaimanj 
[Filter Element, yielding a K Column 
[Vector 

lfunction [Adds a State Vector and a K Column 
(Vector, yielding a State Vector 

3.6.5.3.9.4.3 LOCAL ENTITIES 

None. 

3.6.5.3.9.4.4 INTERRUPTS 

None. 

3.6.5.3.9.4.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Complicated_H_Parts; 
with Kaiman Filter Data Types; 
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with Basic_Data_Types; 
• • • 

package KPCompx renames Kalman_Filter_Complicated_H_Parts; 
package BDT    renames Basic_Data_Types; 
• • • 
type State_Indices     is range 1 .. 27; 
type Neasurement_Indices is range 1 .. 5; 
• • • 
package KDT is new Kalman_Filter_Data_Types 

(Stäte_IndTces     -> State_Indlces, 
Measurement_Indlces >> Measurement_Indlces, 
Intervals        => BDT.Seconds); 

use KDT; 

package SUCVASV is new 
KPCompx.Sequentially_Update_Covariance Matrix_And_State_Vector 

(State_Indices       «> State_In3ices, 
Measurement_Indices   «> Measurement_Indices, 
Kaiman FilterElements => KDT.KalmanFilter Elements, 
P_MatrTces => KDT.N_by_N Symmetric.Matrices, 
HMatrices -> KDT. M_By_N~Statically_Sparse.Matrices, 
K_H_Product_Matrices  »> KDT.N_by_N~Dynamlcally Sparse_Matrices, 
H_Row_Vectors        -> KDT.N_By_l.Vectors, 
Measurement_Variance_Vectors 

«> KDT.MByl.Vectors, 
Measurement_Vectors   «> KDT.M Byl.Vectors, 
KColumn Vectors     -> KDT.N~By_l'Vectors, ^M* 

State_Vectors       -> KDT.N_By_l.Vectors); {g) 
• • • 

begin . 

SUCVASV, .Update (X 
P 
Z 

-> 
-> 
=> 

My x, 
My P, 
My_z, 

Complicated H => My_Complicated ß' 
Measurement" "Variance => MyMeasurement' Variance); 

3.6.5.3.9.4.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.5.3.9.4.7 DECOMPOSITION 

None. 

3.6.5.3.9.4.8 PART DESIGN 

None. 

® 



CAMP Software Top Level Design Document Page 317 

3.6.5.3.9.5 KALMANJJPDATE (CATALOG #PU8-0) 

This LLCSC is a generic package which updates the State Vector, X, given the 
old X vector, the Z vector, the K vector, the Measurement Number, and the 
Complicated H array. 

3.6.5.3.9.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R181. 

Context of tlcsc: This part with's no library units. 

3.6.5.3.9.5.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name |  Base Type      |    Description 

States_lndices discrete 

Measurement Indices discrete 

Kalman_Filter_ 
Elements 

floating 
point type 

PhiMatrices private 

PMatrices private 

H_Matrices private 

K H Product 
Matrices 

private 

H_Row_Vectors private 

Measurement_Vectors vector 

Measurement_ 
Variance_ 
Vectors- 

vector 

K Column Vectors        vector 

I State Vectors I vector 

Index to the arrays which depend 
on the number of states 

Index to the arrays which depend 
on the number of measurements 

Elements contained in the 
Kaiman Filter aggregates 

Data type for private n x n Phi 
matrix 
Data type for n x n private P 
matrix 

Data type for private m x n H 
matrix 

Data type for private n x n K 
and H matrix 

Vector representing a row of a 
P matrix 

Vector indexed by Measurement_ 
Indices containing Kalman_Filter_ 
Elements 

jVector indexed by Measurement 
I Indices containing Kalman_Filter_ 
jElements 

jVector indexed by State_Indices 
j containing Kalman_Filter_Elements 

jVector indexed by State_Indices 
j containing Kalman_Filter_Elements 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 
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Name 

Active H Vector 

Subtract_From_ 
Identity 

Times Transpose 

ABA Transpose 

Dot Product 

Dot Product 

H*" 

"*»< 

"*•< 

it*« 

| Type   | Description 

I function  Returns the rov of an (HxN) H matrix 
that is referenced 

{procedure Subtracts a K and H Product matrix 
from the Identity Matrix(i.e., I - S)| 

I function  Multiplies a P matrix by the trans- 
pose of a H Rov Vector, yielding a 
K Column Vector 

function  Does an ABA Transpose opertion on a 
Phi matrix and a P and Q matrix, 
yielding a P and Q matrix 

ifunction Multiplies a H Row Vector by a K 
Column vector, yielding a Kaiman 
Filter Element 

■function  Multiplies a H Row Vector by a State 
vector, yielding a Kaiman Filter 
Element 

I function  Multiplies a K Column Vector by a H 
Row Vector, yielding a K and H 
Product Matrix 

ifunction  Multiplies a K and H Product Matrix 
by a P Matrix, yielding a P Matrix 

I function  Multiplies a K Column Vector by a 
Kaiman Filter Element, yielding a 
|K Column Vector 

function jMultiplies a Phi Matrix by a State 
jVector yielding a State Vector 

|function (Divides a K Column Vector by a Kaiman 
jFilter Element, yielding a K Column 
jVector 

I function JAdds a State Vector and a K Column 
JVector, yielding a State Vector 

3.6.5.3.9.5.3 LOCAL ENTITIES 

Packages: 

The body of this package instantiates Part R201,  Sequentially Update Covariance 
Matrix and State Vector, and Part R146, Error Covariance Matrix Manager 
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3.6.5.3.9.5.4 INTERRUPTS 

None. 

3.6.5.3.9.5.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with KalmanFilterComplicatedHParts; 
with Kalman~Filter_Data_Types;_ 

with Basic_Data_Types; 
• • • 

package KFCompx renames Kalman_Filter_Complicated_H_Parts; 
package BDI    renames Basic_Data_Types; 
• • • 
type State_Indices     is range 1 
type Measurementlndices is range 1 

27; 
5; 

package KDT is new Kalman_Filter Data_Types 
(Stäte_IndTces     »> State_Indices, 
Measurementlndices ■> Measurement Indices, 
Intervals        => BDT.Seconds); 

use KDT; 
• • • 
package SUCVASV is new KFCompx. KalmanUpdate 

(State_Indices       «> State_Indices, /-*. 
Measurement Indices   -> Measurement Indices, L^, 
Kalman_Filter_Elements -> KDT.Kalman_Filter_Elementsf 
Phi Matrices        »> KDT.N_by_N_Dynamically_Sparse_Matrices, 
P and Q Matrices     »> KDT. N_by~N_Symme trie. Mat rices, 
H~Matrices «> KDT.M~By~N~Statically_Sparse.Matrices, 
K H_Product Matrices  ■> KDT.N~by~N~Dynamlcally Sparse Matrices, 
H~Row_Vectors        -> KDT.N_By_l.Vectors, 
Measurement_Variance Vectors 

=> KDT.MByl.Vectors, 
Measurement_Vector6 => KDT.M_By_l.Vectors, 
K ColumnVectors => KDT.NByl.Vectors, 
State Vectors       => KDT.N By 1.Vectors); 

begin 

SUCVASV.Update (X => My X, 
P => My P, 
Z => My_Z, 
Complicated_H => My Complicated H, 
Measurement Variance => My Measurement Var 
Propagated_Phi => PhT Matrices, 
Propagated Q => P_And_Q_Matrices); 

3.6.5.3.9.5.6    GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. OyK 
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3.6.5.3.9.5.7 DECOMPOSITION 

This LLCSC contains just the function "Update", which does the Kaiman Update. 

3.6.5.3.3.5.8 PART DESIGN 

None. 

3.6.5.3.9.6 UPDATE_ERROR_COVARIANCE_MATRIX_GENERAL_PORM 

This unit is a generic procedure which computes the updated covariance matrix 
resulting from the processing of a single component of the measurement vector, 
Z. This routine uses the general form of the calculation. 

3.6.5.3.9.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R183. 

3.6.5.3.9.6.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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|  Name 

I State Indices 

Base Type  | Description 

I discrete    | Index to the arrays which depend 
on the number of states 

Measurement Indices discrete 

iKalman_Filter_ 
Elements 

IP Matrices 

|H_Matrices 

H Row Vectors 

|K_H_Product_ 
Matrices 

I Measurement 
Variance_ 
Vectors- 

IK Column Vectors 

{Index to the arrays which depend 
on the number of measurements 

ifloating    {Elements contained in the 
point type j Kaiman Filter aggregates 

iprivate     JData type for private n x n P 
(matrix 

{private     JData type for private H matrix 

jprivate     |Private vector representing a 
jrow of the H matrix 

{array      {Private matrix representing 
j product of K and H matrices 

[array      |Vector indexed by Measurement 
{Indices containing Kaiman Filter 
{Elements 

{vector     (Vector indexed by StateJEndlces 
(containing Kaiman Filter Elements 

v _ ■ 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

A'*' 
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|      Name Type Description           | 

|Active_H_Vector function Returns the row of a (MxN) H Matrix | 
that is referenced                | 

[Subtract From 
| Identity 

procedure Subtracts a K H Product matrix from j 
the Identity Matrix (i.e., I - S)   j 

j ABA Transpose function Does an ABA transpose on a K H     j 
Matrix and a P Matrix, yielding a P j 
Matrix                         j 

lABAJTranspose 

i 

function Does an ABA transpose on a K Column 
Vector and a Kaiman Filter Element,  | 
yielding a P Matrix               j 

l"*»' function Multiplies a K Column Vector by a H j 
Row Vector, yielding a K H Product  j 
Matrix                         | 

1"+" function Adds two P Matrices, yielding a P   \ 
Matrix                        | 

3.6.5.3.9.6.3 INTERRUPTS 

None. 

3.6.5.3.9.6.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Kalman_Filter_Complicated_H_Parts; 
with Kalman~Filter_Data_Types;- 

with Basic_Data_Types; 
• • • 

package KFCompx renames Kalman_Filter_Complicated_H_Parts; 
package BDT    renames Basic_Data_Types; 
• • • 
type State_Indices     is range 1 .. 27; 
type Measurement_Indices is range 1 .. 5; 
• • • 
package KDT is new Kalman_Filter DataTypes 

(State_Indices     => State_Indices, 
Measurement_Indices => Measurement Indices, 
Intervals        => BDT.SecondsT; 

use KDT; 
• • • 
procedure Update_P is new KFCompx.Update_Error Covariance_Matrix 

(State_Indices => State_In3ices, 
Measurement_Indices        => Measurement_Indices, 
Kalraan Filter Elements => KDT.Kalman_Pilter_Elements, 
P Matrices => KDT.N_by_N_Symmetric.Matrices, 
H~Matrices => KDT.M~By_N~Statically_Sparse.Matrices, 
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HRowVectors        => KDT.NByl.Vectors, 
K_H_Product_Matrices  «> KDT.N~by~N_Dynamically_Sparse_Matrices, 
Miasurement_Variance Vectors    ~ " 

-> KDT.MByl.Vectors; 
K Column Vectors     »> KDT.N~By 1.Vectors); 

begin 

UpdateP (P 
Complicated_H 
Measurement_Numbe r 
K 

=> My_P, 
=> My~Complicated_H, 
»> This Measurement, 
s> My K); 

3.6.5.3.9.6.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.5.3.9.6.6 DECOMPOSITION 

None. 

c 
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package Kaiman Filter Complicated H Parts is 
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pragaa PAGE; 
generic 

type State_Indices 
type Measurement_Indices 
type Kaiman FilterJElements 
type P_Matrices 
type H_Matrices 
type H Row Vectors 

Is (<»; 
is «»; 
is digits <>; 
is private; 
is private; 
is private; 

type Measurement Variance_Vectors is array (Measurement_Indices) 
~ of Kalman_Filter~Elements; 

type K_Column_Vectors is array (State_Indices) 
of Kalman_Filter_Elements; 

with function Active_H_Vector (Source : H_Matrices; 
Row   : Measurement Indices) 
return H_Row_Vectors Is <>; 

with function TimesJTranspose (Left :~P Matrices; 
Right : H~Row_Vectors) 
return K_Column_Vectors is <>; 

with function DotProduct (Left : HRöwVectors; 
Right : K_Colüran_Vectors) 
return Kalman_Filter_Elements is <>; 
K_Column VecTors; 
Kaiman Filter Elements) 

with function "/" (Left 
Right 
return K_Column_Vectors is <>; 

function Compute Kalman_Gain 
(P " : 
Measurement_Number  : 
Complicated_H      : 
Measurement_Variance : 
return K Column Vectors; 

P_Matrices; 
Measurement_Indices; 
H_Matrices; 
Measurement Variance Vectors) 

pragma PAGE; 
generic 

type 
type 
type 
type 
type 
type 
type 
type 

State_Indices 
Measuremen t_Ind i ces 
Kaiman Filter_Elements 
PMatrlces 
HMatrices 
H Row Vectors 
K~H_Product_Matrices 
K~Cölumn Vectors 

8> 

is «>); 
is «>); 
is digits <>; 
is private; 
is private; 
is private; 
is private; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
with function Active_H_Vector (Source : H_Matrices; 

Row   : Measurement Indices) 
return H_Row_Vectors Is <>; 

function SubtractFromldentity (Right : K_H_Product_Matrices) 
return K_H~Product_Matrices is <>; 

(Left : K_Column Vectors; 
Right : H_Row_Vectors) 
return K_H_Product_Matrices is <>; 
(Left : K_H_Product_Matrices; 
Right : P_Matrices)~ 
return P Matrices is <>; 

with 

with function "*" 

with function "*" 

procedure Update_Error_Covariance_Matrix 
(P : in out P Matrices; 
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Measurement_Number : in 
K : in 
ComplicatedH    : in 
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Measuremen t_Indi ces; 
K Column Vectors; 
H~Matrices); 

4$ 

pragma PAGE; 
generic 

type State_Indices is (<>); 
type Measurement_Indices is (<>); 
type Kaiman Filter_Elements is digits <>; 
type H_Matrices 
type H_Row_Vectors 
type Measurement Vectors 

type K_Column_Vectors 

type State Vectors 

is private; 
is private; 
is array (Measurement_Indices) 

of Kalman_Filter_Elements; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
is array (State_Indices) 

of Kalman_Filter_Elements; 
vith function Active_H_Vector (Source : H_Matrices; 

Row        : Measurement Indices) 
return H_Row_Vectors Is <>; 

vith function Dot_Product (Left    :  H_Röw_Vectors; 
Right  :   StateVectors) 

return Kalman_Filter_Elements  is <>; 
:  K_Column Vectors; 
: Kalman_Fllter_Elements) 
K_Column_Vectori is <>; 
!~K_Column_Vectors; 
:  State Vectors) 

is <>; 

vith function "*" (Left 
Right 
return 

vith function n+n (Left 
Right 
return StateVectors 

procedure Update State Vector 
(X 
Z 
K 
Measuremen t_Number 
Complicated H 

^SS' 

in out State Vectors; 
in 
in 
in 
in 

Measurement_Vectors; 
K_Column_Vectors; 
Measurement_Indices; 
H Matrices); 

pragma PAGE; 
generic 

type 
type 
type 
type 
type 
type 
type 
type 

State_Indices 
Measuremen t_Ind ices 
Kaiman Filter_Elements 
P_Matrices 
HMatrices 
KHProductMatrices 
H Row Vectors 

vith 

vith 

is «»; 
is «»; 
is digits <>; 
is private; 
is private; 
is private; 
is private; 

MeasurementVarianceVectors is array (Measurement_Indices) 
of Kalman_Filter_Elements; 

is array (Measurement_Indices) 
of Kalman_Filter_Elements; 

K_Column Vectors is array (State_Indices) of Kalman_Filter_Elements; 
State Vectors   is array (State_Indices) of Kalman_Filter_Elements; 
function Active_H_Vector (Source : H_Matrices; 

Row   : Measurement Indices) 
return H Row Vectors Is <>; 

function Subtract_From_Identity (Right : K_H_Product Matrices) 
return K_H_Pröduct_Matrices is <>; 

function Times Transpose (Left : P Matrices; 

type Measurement_Vectors 

type 
type 
vith 

£v m 
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& Right : H_Row_Vectors) 
return K Column Vectors is <>; 

vith function Dot _Producl : (Left : HRowVectors; 
Right : K_Column_Vectors) 
return Kaiman Filter Elements is <>; 

vith function Dot Product : (Left : H Row Vectors; 
Right : State Vectors) 
return Kaiman Filter_Elements is <>; 

vith function ••*" (Left : K_Column_Vectors; 
Right : H Row Vectors) 
return K H Pro3uct Matrices is <>; 

vith function ••*•• (Left : K H Product Matrices; 
Right : P Matrices) 
return PMatrices is <>; 

vith function «* n (Left : K Column Vectors; 
Right : Kaiman Flltcr_Elements) 
return KColumnVectors is <>; 

vith function ll/W (Left : K Column Vectors; 
Right : KalmanFllterElements) 
return K_Column_Vectors is <>; 

vith function M.ll (Left :-K Column Vectors; 
Right : State Vectors) 
return State Vectors is <>; 

package Sequentially Update Covariance Matrix And State Vector is 

procedure Update 
( !P : in out P_Matrices; 
X : in out sTate_Vectors; 
z : in   Measurement Vectors; 
Complicated _H      : in   HMatrices; 
Measurement 'Variance : in   Measurement Variance Vectors); 

fc 

end Sequentially_Update_Covariance_Matrix_And_State_Vector; 

pragma PAGE; 
generic 

type Statelndices       Is (<>); 
type Measurementlndices   is (<>); 
type Kalman_Filtir_Elements is digits <>; 
type Phi_Matrices ~       is private; 
type P_And_Q_Matrices     is private; 
type H_Matrices is private; 
type K_H_Product_Matrices  Is private; 
type H_Röw_Vectors       is private; 
type Measurement Variance_Vectors is array (Measurement_Indices) 

of Kalman_Filter_Elements; 
type Measurement_Vectors is array (Measurement_Indices) 

of Kalman_Filter_Elements; 
type K_Column_Vectors is array (State_Indices) of Kalman~Filter_Elements; 
type State Vectors is array (State_Indices) of Kalman_Filter_Elements; 
with function Active_H_Vector (Source : H_Matrices; 

Row   : Measurement Indices) 
return H_Row Vectors Is <>; 

vith function Subtract From_Identity (Right : K_H_Product_Matrices) 
return KHProductMat rices is <>; 

vith function TimesTranspose (Left : P_And~Q-Matrices; 
Right : H Row Vectors) 
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Wu 

vith 

with 

vith 

vith 

vith 

vith 

vith 

vith 

vith 

vith 

function 

function 

function 

function 

function 

function 

function 

function 

function 

function 

return K Column Vectors is <>; 
Aba Transpose (Phi 

P 

Dot Product 

Dot Product 

return 
(Left : 
Right 

PhiMatrices; 
PAndQMatrices) 
P_And_Q~Matrices is <>; 
H_Row_Vectors; 
K Column Vectors) 

return Kalman_Filter_Elements is <>; 
(Left : H Row_Vectors; 
Right : StateVectors) 
return Kalman_Filter Elements is <>; 

"*" (Left : K_Column_Vectors; 
Right : HRow Vectors) 
return K_H_Pro3uct_Matrices is <>; 

"*" (Left : KJMProduct Matrices; 
Right : PAndQMatrices) 
return P_And_Q_Matrices is <>; 

"*" (Left : K_Column Vectors; 
Right : Kalman_FTlter_Elements) 
return K_Column_Vectors is <>; 

"*" (Left : Phi_Matrices; 
Right : StateVectors) 
return State Vectors is <>; 

"/" (Left : K Column Vectors; 
Right : KalmanFTlterElements) 
return K_Column_Vectors is <>; 

"+" (Left : K Column_Vectors; 
Right : StateVectors) 
return State Vectors is <>; 

"+w (Left : P_And_Q_Matr5ces; 
Right : P_AndJ}_Matrices) 
return P And Q Matrices is <>; 

vS& 

package Kaiman Update is 

procedure Update (X 
P 

Complicated_H 
Measurement_Variance 
Propagated_Phi 
Propagated Q 

in out State_Vectors; 
in out P_And_Q_Matrices; 
in Measurement_Vectors; 
in HMatrices; 
in Measurement_Variance_Vectors; 
in Phi_Matrices; 
in P And Q Matrices); 

end KalmanUpdate; 

pragma PAGE; 
generic 

type State_Indices 
type Measurement_Indices 
type Kaiman Filter_Elements 
type P_Matrices 
type H_Matrices 
type H_Row_Vectors 
type K H Product Matrices 

is «>); 
is (<>); 
is digits <>; 
is private; 
is private; 
is private; 
is private; 

type Measurement Variance_Vectors is array( Measurement_Indices ) 
of Kaiman Filter Elements; # 



8» 
CAMP Software Top-Level Design Document 

type K_ColuDin Vectors Is array (State_Indices) 
of Kaiman Filter Elements; 
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vith function 

vlth 

vith 

vith 

vith 

vith 

function 

function 

function 

function 

function 

Active_H_Vector (Source : H_Matrices; 
Row   : Measurement Indices) 
return H Row Vectors Is <>; 

SubtractFroraldentity (Right : K_H Product_Matrices) 
return K_H~Product_Matrices is <>; 

: K_H_Product_Matrices; 
: PMatrices ) return PMatrices is <>; 
: K Column Vectors; 
: Kälman_Fllter Elements ) 

return P_Matrices Is <>; 
K_Column_Vectors; 
H Row Vectors) 

Aba_Transpose (A 
B 

AbaJTranspose (A 
B 

"*" (Left 
Right 
return K H Product Matrices is <>; 
(Left 
Right 

P_Matrices; 
P Matrices) 

return P_Matrices is <>; 

procedure Update Error Covariance Matrix General Form 
( P 
Measurement Number 
K 
ComplicatedH 
Measurement_Variance 

end Kalman_Filter_Complicated_H_Parts; 

in out P_Matrices; 
in    Measurement_Indices; 
in    K_Column_Vectors; 
in    HMatrices; 
in   Measurement Variance Vectors ); 

& 
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3» 
3.6.6 GUIDANCE AND CONTROL 

S 
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3.6.6.1 VAYPOINT_STEERING TLCSC (CATALOG #P99-0) 

This package contains the CAMP parts required to do the vaypoint steering 
portion of navigation. 

The following three waypoints are required to perform waypoint steering: 
o A : the last waypoint passed by the missile 
o B : the waypoint to which the missile is currently heading 
o C : the next waypoint to which the missile will head 

3.6.6.1.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

|    Name |    Requirements Allocation 

I  R170,  R171 
1 

R172 
R173,  R174, R175 
R176 

R177 
R178,  R179,  R180 

£teering_Vector_Operations 
Steering_Vector_Operations_with_Arcsin 
Compute_Turn_Angle and_Direction 
Cross track_And_Hea3ing~Error_0perat ions 
Distance_to_Current_Waypoint 
Distance to_Current_Waypoint_with_Arcsin 
Compute_Turning_and_Nonturning_Distances 
Turn Test Operations 

3.6.6.1.2    INPUT/OUTPUT 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following table describes the data types exported by this part: 

| Name | Range | Description 

Turning Directions 

Turning Statuses 

Left Turn, 
RigRtJTurn 

Turning, 
Not Turning 

Indicates if the missile needs to make 
a right or a left-hand turn to go to 
the next waypoint 

Indicates whether or not the missile is 
currently turning 

3.6.6.1.3 UTILIZATION OF OTHER ELEMENTS 

None. 
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3.6.6.1.4 LOCAL ENTITIES 

None. 

3.6.6.1.5 INTERRUPTS 

None. 

3.6.6.1.6 TIMING AND SEQUENCING 

None. 

3.6.6.1.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.6.1.8 DECOMPOSITION 

The following table describes the decomposition of this part: 

^ 
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| Name I Type | Description 

Steering_Vector_ 
Operations 

Steering_Vector 
Operations_wi tE_ 
Arcsin 

Compu te_Turn_Angle_ 
and_Direction 

Crosstrack_and_ 
Heading_Error_ 
Operations 

Distance_to_Current_ 
Waypoint 

Distance_to Current_ 
Waypoint_wIth_ 
Arcsin 

Compu t e_Tu ml ng_and_ 
Non turning_Di s tances 

Turn_Tes t_Opera t i ons 

generic 
package 

generic 
package 

generic 
procedure 

generic 
package 

generic 
function 

generic 
function 

generic 
procedure 

generic 
package 

Provides the capability to initialize 
and update the steering vectors; 
uses the assumption that alpha- 
sin(alpha) when computing segment 
BC distance 
Provides the capability to initialize 
and update the steering vectors; 
does not use the assumption that 
alpha>sin(alpha) when computing 
segment BC distance 

Computes the tangent of 1/2 the turn 
angle, along with the turn direction 

Computes the crosstrack and heading 
error for a missile in turning and 
nonturning flight 

Computes the distance from missile 
position to current waypoint, B; 
uses the assumption that alpha» 
sin(alpha) when doing its 
computations 

Computes the distance from missile 
position to current waypoint, B; 
does not use the assumption that 
alpha>sin(alpha) when doing its 
computations 

Computes missile turning distance 
projected onto current course 
segment, AB, and the missile non- 
turning distance measured along the 
next course segment, BC 

Contains operations to determine if 
the missile should be in turning or 
nonturning flight 

3.6.6.1.9 PART DESIGN 

3.6.6.1.9.1 STEERING_VECTOR_OPERATIONS (CATALOG «P100-0) 

This package contains operations to do the following: 
o Initialize the waypoint steering vectors when supplied with 

the latitude and longitude of the past, current, and next 
waypoints 

o Update the waypoint steering vectors when supplied with the 
latitude and longitude of the "new" waypoint, C. 

The waypoint steering vectors for a course segment, extending from waypoint A 
to waypoint B, are the segment unit normal vector (UN_B) and the segment unit 
tangent vector (UTB). 

A$t  This part makes the assumption that alphasin(alpha) when calculating Segment_- 
w  BC Distance. 
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3.6.6.1.9.1.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

Name | Requirements Allocation 

| Initialize | R170 
I Update   I R171 

3.6.6.1.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name Type Description                         | 

| Indices discrete Used to dimension Unit Vectors         | 
type 1 

| Earth floating Data type used to define the radius-of  . 
| Distances point type the Earth 
| Earth Positions floating Data type used to define latitude and 

point type longitude measurements 
| Segment floating Data type used to defined waypoint segment 
j Distances point type distances 
| Sin Cos Ratio floating Data type used to define results of a sine | 

point type or cosine function 
| Unit Vectors array Array of "Sin Cos Ratio" dimensioned by   | 

Indices                           | 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name      | Type | Value | Description 

| EarthRadius | EarthDistances | N/A    | Radius of the Earth 

I 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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Name 

n in 

Cross_ 
Product I 

Vector 
LengtE 

Sin Cos 

Type 

function 

function 

procedure 

function 

procedure 

Description 

Operator defining the operation: 
Earth_Distances * Sin_Cos_Ratio «> Segment_Distances 

Operator defining the operation: 
Unit_Vectors / Sin Cos_Ratio -> Unit_Vectors 

Cross product function 

Calculates the length of a vector 

Calculates the sine and cosine of an input value 

3.6.6.1.9.1.3 LOCAL ENTITIES 

Data structures: 

This part maintains the following data: 
1) Unit radial vector to waypoint B 
2) Unit radial vector to waypoint C 

Packages: 

The following parts will be with'd by this part's body: 
1. GeometricParts (P684) 

Subprograms: 

The following parts, contained in the GeometricParts TLCSC, 
will be instantiated in this part's body and used by the units 
in this LLCSC: 

1. ComputeUnitRadialVector 
2. Compute~Segment_and~Uni t_Normal_Vector 

3.6.6.1.9.1.4 INTERRUPTS 

None. 

3.6.6.1.9.1.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Waypoint_Steering; 
with Basic DalaJTypes; use Basic_Data_Types; 
with CoordInate~Vector Matrix Algebra; 
with WGS72_Ellipsoid_EngineerTng_Data; 
• ■ • 

package VPS  renames Vaypoint_Steering; 
package BDT  renames Basic DalaJTypes; 
package CVMA renames Coordinate_Vector_Matrix Algebra; 
package VGS72 renames VGS72_Ellipsoid_EngineerIng_Data; 

type Indices is (X, Y, Z); 
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package Unit Vector_Opns is new CVMA.VectorOperations .. 
use Unit Vector_Opns; 
subtype ünit_Vectors is Unit_Vector_Opns.Vectors; 
• • • 
function Cross_Prod is new CVMA.Cross_Product ... 
• • • 
package Unit_Vector_Scalar Opns is new 

CVMA.Vector_ScaTar_Operations ... 
• • • 
package Steering_Vector_Opns is new 

VPS.Steering Vector Operations 
(Indices => 
Earth_Distances *> 
EarthPositions -> 
Seginent_Distances -> 
Sin_Cos_Ratio «> 
Unil Vectors => 
EartK_Radius => 
"/" »> 
Cross_Product => 
Sin Cos => 

Indices, 
BDT.Meters, 
Earth_Position_Radians, 
BDT.Miters, 
BDT.Trig.Sin_Cos_Ratio, 
Unit VectorsT 
WGS75.Seniimajor Axis, 
Uni t_Vector_ScaIar_Opns.,,/,,, 
Cross_Prod,- 

BDT.Trig.Sin Cos); 

Lat A 
Lat~B 
Ut~C 
Long_A 
Long_B 
Long~C 
UNB 
UN C 
UT~B 
UTC 
BC Distance 

BDT. Ear t h_Pos i t i onRad i ans; 
BDT.EarthPositionRadians; 
BDT.Earth_Position_Radians; 
BDT.EarthPosi t ionRadians; 
BDT.Ear t h_Pos i t i onRad i ans; 
BDT.Earth_PositionJRadians; 
Unit_Vectors; 
UnitVectors; 
Unit_Vectors; 
Unit_Vectors; 
BDT.Meters; 

"»TBi 

begin 

Steering Vector Opns.Initialize 
(Waypoint_A_Lat -> LatA, 
Vaypoint A_Long »> Long A, 
Waypoint_B_Lat -> Lat_B, 
Vaypoint BLong => Long B, 
Vaypoint_C_Lat «> LatC, 
Vaypoint C Long «> Long C, 
Unit Normal B »> UN B7 
Unit Normal C => UN C, 
Unit Tangent B «> UT B, 
Unit_Tangent_C -> UT~C, 
Segment_BC_Dis tance => BCDistance); 

3.6.6.1.9.1.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

m 
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3.6.6.1.9.1.7    DECOMPOSITION 

The following table describes the decomposition of this part: 

Name | Type    | Description 

Initialize 

Update 

procedure | Initializes the waypoint steering vectors when 
supplied with the latitude and longitude of 
the last, current, and next waypoints 

procedure j Updates the waypoint steering vectors when 
supplied with the latitude and longitude of a 
"new" next waypoint, C 

3.6.6.1.9.1.8 PART DESIGN 

None. 

3.6.6.1.9.2 STEERING_VECTOR_OPERATIONS_WITH_ARCSIN (CATALOG #P1047-0) 

This package contains operations to do the following: 
o Initialize the waypoint steering vectors when supplied with 

the latitude and longitude of the past, current, and next 
waypoints 

o Update the waypoint steering vectors when supplied with the 
latitude and longitude of the "new" waypoint, C. 

The waypoint steering vectors for a course segment, extending from waypoint A 
to waypoint B, are the segment unit normal vector (UN_B) and the segment unit 
tangent vector (UT_B). 

This part does not make the assumption that alphasin(alpha) when computing 
Segmen t_BC_Di s tance. 

3.6.6.1.9.2.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

Name Requirements Allocation 

| Initialize 
j Update 

3.6.6.1.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 
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Data types: 

The following table describes the generic formal types required by this part: 

Name 

Indices 

Earth_ 
Distances 

Earth_Positions 

Segraent_ 
Distances 
SinCosRatio 

Unit Vectors 

Type | Description I 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

array 

Used to dimension Unit_Vectors 

Data type used to define the radius of 
the Earth 

Data type used to define latitude and 
longitude measurements 

Data type used to defined waypoint segment 
distances 

Data type used to define results of a sine 
or cosine function 

Array of "Sin_Cos_Ratio" dimensioned by 
Indices 

Data objects: 

The following table describes the generic formal objects required by this part: 

Name      | Type        | Value | Description 

Earth Radius | Earth Distances | N/A    | Radius of the Earth 

I 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name  | Type | Description I 
"*" 

Arcsin 
Cross_ 
Product| 

Vector 
LengtE 

Sin Cos 

function | Operator defining the operation: 
j Earth_Distances * Sin_Cos_Ratio «> Segment_Distances 

function j Operator defining the operation: 
j UnitVectors / Sin_Cos_Ratio -> UnitVectors 

function j Arcsine function 
procedure | Cross product function 

function j Calculates the length of a vector 

procedure j Calculates the sine and cosine of an input value 

3.6.6.1.9.2.3 LOCAL ENTITIES 

Data structures: 

This part maintains the following data: 
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1) Unit radial vector to vaypoint B 
2) Unit radial vector to vaypoint C 

Packages: 

The following parts will be with'd by this part's body: 
1. Geometric_Parts (P684) 

Subprograms: 

The following parts, contained in the Geometric_Parts TLCSC, 
will be instantiated in this part's body and used by the units 
in this LLCSC: 

1. Compute_Unit_Radial_Vector 
2. Compute_Segment_and_Uni t_Normal_Vector_wi th_Arcsin 

3.6.6.1.9.2.4 INTERRUPTS 

None. 

3.6.6.1.9.2.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Vaypoint_Steering; 
with Basic DataJTypes; use Basic_Data_Types; 
with CoordTnate_Vector_Matrix Algebra; 
with WGS72_Ellipsoid_EngineerTng_Data; 
• • • 

package VPS renames Waypoint_Steering; 
package BDT renames Basic DataJTypes; 
package CVMA renames CoordInate_Vector_Matrix Algebra; 
package VGS72 renames WGS72_Ellipsoid_EngineerTng_Data; 
• • • 
type Indices is (X, Y, Z); 
• • • 
package Unit_Vector_Opns is new CVMA.Vector_Operations  ... 
use Unit_Vector_Opns; 
subtype Ünit_Vectors is Unit_Vector_Opns.Vectors; 
• • • 
function Cross_Prod is new CVMA.Cross_Product ... 

package Unit_Vector_Scalar Opns is new 
CVMA.Vector_ScaIar_Operations . •. 

package Steering_Vector_Opns is new 
WPS.Steering_Vector_Operatio _/ith_Arcsin 

(Indices ~       »> Indices, 
Earth_Distances  => BDT.Meters, 
Earth_Positions  => Earth_Position_Radians, 
Radians        => BDT.Trig.Radians, 
Segment Distances => BDT.Meters, 
Sin_Cos~Ratio    => BDT.Trig.SinCosRatio, 
Unit Vectors     => Unit_Vectors7 
EartE Radius    => WGS72.Semimajor Axis, 
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Lat A 
Lat~B 
Lat~C 
Long_A 
Long_B 
Long_C 
UNB 
UN_C 
UT_B 
UT_C 
BC Distance 

It/w 

Cross_Product 
Sin_Cos 

BDT.Earth Position 
BDT. Ear t h~Pos i t i on' 
BDT.Earth~Posit i on 
BDT. Ear t iTPos i t i on' 
BDT. Ear th~Pos i t i on" 
BDT.Earth~Position 
Unit_Vectörs; 
Unlt_Vectors; 
Unit_Vectors; 
Unit_Vectors; 
BDT.Meters; 

«> UnitJtectoi^ScalarJJpns."/", 
«> Cross__Prod, 
=> BDT.Trig.Sin_Cos); 

Radians; 
'Radians; 
[Radians; 
[Radians; 
[Radians; 
'Radians; 

begin 

Steering_Vector_Opns.Ini tialize 
(Waypoint_A_Lat    => Lat_A, 
Waypoint_A_Long   => Long A, 
Waypoint_B_Lat    => LatB, 
Waypoint_B-Long    «> Long_B, 
Waypoint_C~Lat    »> Lat_C, 
Waypoint_C~Long   »> Long_C, 
Unit NormaI_B     .> UNB, 
Unit'Normal C     «> UNC, 
Unit_Tangent B    •«> UTB, 
Unit_Tangent"C    -> UTC, 
Segment_BC_DTstance ■> BC_Distance); 

3.6.6.1.9.2.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.6.1.9.2.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name 

Initialize 

Update 

Type Description 

procedure  | Initializes the waypoint steering vectors when 
supplied with the latitude and longitude of 
the last,  current, and next vaypoints 

procedure  | Updates the waypoint steering vectors when 
supplied with the latitude and longitude of a 
"new" next waypoint,  C 
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3.6.6.1.9.2.8 PART DESIGN 

None. 

3.6.6.1.9.3 COMPUTE_TURN_ANGLE_AND_DIRECTION (CATALOG #P101-0) 

Using the vaypoint steering vectors, this part computes the tangent of one-half 
the turn angle along with the turn direction. 

3.6.6.1.9.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R172. 

3.6.6.1.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types; 

The following table describes the generic formal types required by this part: 

Name 

Unit_Vectors 

Sin_Cos_Ratio 

Tan Ratio 

Type Description 

private 

floating 
point type 
floating 
point type 

One-dimensional, three-element arrays 
defining the waypoint steering vectors 

Data type of results of sine/cosine 
operations 

Data type of results of tangent operations 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type 

function 

function 

function 

Description 

Dot Product 

Addition operator defining the operation: 
TanRatio + Sin_Cos Ratio => TanRatio 
Division operator defining the operation: 
SinCosRatio / Tan_Ratio => TanRatio 

Calculates the dot product of two Unit Vectors 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name 

Unlt_Normal_C 

Unit_Tangent_B 

ünlt_Tangent_C 

Tan_of_One_Half_ 
Turn_Angle 

Turn Direction 

I Type | Mode Description 

Unit_Vectors 

ünit_Vectors 

Unit_Vectors 

Tan Ratio 

Turning 
Directions 

in 

in 

In 

out 

out 

Segment BC unit normal vector 
with x, y, and z components 
Segment AB unit tangent vector 
with x, y, and z components 
Segment BC unit tangent vector 
vith x, y, and z components 

Tangent of one-half the angle 
between the current course 
segment and the next course 
segment 

Indicates if missile is to 
make a right- or left-hand 
turn 

The unit vectors required by this part may be calculated using the routines 
contained in the Vaypoint Steering.Steering Vector Operations package. 

3.6.6.1.9.3.3 INTERRUPTS 

None. 

3.6.6.1.9.3.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with VaypointJSteering; 
with Basic DataJTypes; use Basic_Data_Types; 
with CoordTnate~Vector_Matrix_AlgebraT 
with General_Purpose_Mäth; 
• • • 

package VPS   renames Vaypoint_Steering; 
package BDT   renames Basic DataJTypes; 
package CVMA  renames CoordInate_Vector_Matrix_Algebra; 
package GPMath renames General_Purpose_Math; 
• • • 
type Indices is (X, Y, Z); 
• • • 
package Unlt_Vector_Opns is new CVMA.Vector_Operations ... 
use Unit Vector_Opns; 
subtype Ünit_Vectors is Unit_Vector_Opns.Vectors; 
• • t 

package Unit_Vector_Scalar Opns is new 
CVMA.Vector_ScaIar_Operations ... 

• • • 
procedure Comp_Turn_Angle_and_Direction is new 

WPS.Compute_Turn_Angle_and_Direction 
(Unit Vectors" «> Unit_Vectors, 
Sin_Cos Ratio ■> BDT.Trig.Sin_Cos Ratio, 
TanRatTo   -> BDT.Trig.TanRatTo, 
Dot Product  => Unit Vector Opns.Dot Product); 
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UN C : Unit Vectors; 
UT B s Unit Vectors; 
UT~C : Unit Vectors; 
Tan Value : Tan Ratio; 
TurnDlrectlon s WPS.TurningDlrections; 

begin 

Comp Turn Angle_and_Direction 
(Unit Normal C => UNC, 
Unit~Tangent_B => UTE, 
Unit~Tangent_C => UT_C, 
Tan_of One_Half_Turn_Angle => Tan_Value, 
Turn Direction => Turn Direction); 

3.6.6.1.9.3.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.6.1.9.3.6 DECOMPOSITION 

None. 

(jT   3.6.6.1.9.4 CROSSTRACK_AND_HEADING_ERROR_OPERATIONS (CATALOG #P102-0) 

This part contains the routines required to .compute the crosstrack and heading 
errors for a missile in turning or nonturning flight. 

3.6.6.1.9.4.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

| Name | Requirements Allocation | 

| Compute_When_Turning | R173 
I Compute_When_Not_Turning | R175 
I Compute I R174 

3.6.6.1.9.4.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name 

Navigatlon_Indices 

Unit_Indices 

Angles 

Earth_Distances 

Segment_Distances 

SlnCosRatio 

TanRatlo 

Velocities 

Unit_Vectors 

Velocity_Vectors 

Type |    Description 

discrete 
type 

discrete 
type 

floating 
point type 

floating 
point type 
floating 
point type 
floating 
point type 

floating 
point type 

floating 
point type 

array 

array 

Data type used to dimension Velocity_ 
Vectors 
Data type used to dimension Unit_Vectors 

Data type of angular measurements 

Data type of distance measurements 
used to defined Earth radius 
Data type used to measure segments of 
the flight 

Data type of results of sine/cosine 
operations 

Data type of tangent operations 

Data type of velocity measurements 

Array, dimensioned by Unit_Indices, of 
Sin_Cos Ratio 

Array, dimensioned by Navigation_ 
Indices, of Velocities 

Data objects: 

The following table describes the generic formal objects required by this part: 

Name 

E(ast) 

N(orth) 

U(P) 

X 

Type Value 

'FIRST 

'SUCC(E) 

'LAST 

'FIRST 

'SUCC(X) 

'LAST 

n/a 

Description 

Earth Radius 

Navigation_ 
Indices 

Navigation_ 
Indices 

Navigation_ 
Indices 

Unit_Indices 
Indices 

Unit_Indices 
Indices 

Unit_Indices 
Indices 

Earth_ 
Distances 

Used to access first element of 
arrays dimensioned by Navigation^ 
Indices 

Used to access second element of 
arrays dimensioned by Navigation^ 
Indices 

Used to access last element of 
arrays dimensioned by Navigation^ 
Indices 

Used to access first element of 
arrays dimensioned by Unit 
Indices _ 

Used to access second element of 
arrays dimensioned by Unit_ 
Indices 

Used to access last element of 
arrays dimensioned by Unit_ 
Indices 

Radius of the Earth 

Subprograms: 
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The following table describes the generic formal subroutines required by this 
part: 

Name Type 

"*»• function 

"*•• function 

n*ii function 

11*11 function 

»•*" function 

»•*" function 

fi/n function 

Dot function 
Product 

Sqrt function 
Arctan function 

Description 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Earth_Distances «=> 
Segment_Distances 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Segment_Distances => 
Segment~Distances 

Multiplication operator defining the operation: 
Segment_Distances * INTEGER •=> Segment_Distances 

Multiplication operator defining the operation: 
INTEGER * Sin_Cos_Ratio => Sin_Cos_Ratio 

Multiplication operator defining thi operation: 
Distances * Velocities s> Tan_Ratio 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Velocities => Velocities 

Division operator defining the operation: 
Velocities / Velocities -> Tan_Ratio 

Dot product function ~ 

Square root function 
Arctangent function 

3.6.6.1.9.4.3 LOCAL ENTITIES 

None. 

3.6.6.1.9.4.4 INTERRUPTS 

None. < 

3.6.6.1.9.4.5 TIMING AND SEQUENCING 

The following units may be used to calculate the input values 
required by units in this package: 

o Waypoint_Steering.Distance_to_Current_Waypoint 
o Uaypoint_Steering.Steering~Vector_Operations.Initialize and Update 
o Waypoint_Steering.Corapute_furn_Angle_And_Direction 

The following shows a sample usage of this part: 

with Waypoint_Steering; 
with BasicJ)ata_Types; use Basic_Data_Types; 
with Generil_Purpose_Math; 
with Coordinate_Vector_Algebra; 
with VGS72 Ellipsoid Engineering Data; 

package VPS   renames WaypointSteering; 
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package BDT   renames Basic_Data_Types; 
package GPMAth renames General_Purpose_Math; 
package CVMA  renames Coordlnate_Vector_Algebra; 
package VGS72 renames VGS72_Ellipsoid_Engineering_Data; 
• • • 
type Navigation_Indices is (E, N, U); 
type Unit_Indices     is (X, Y, Z); 
• • • 
package Unit_VOpns is new CVNA.Vector_Operatlons ... 
package Velocity_VOpns is new CVMA.Vector_Operations ... 
package Sqrt_Pkg     is new GPMath.Square_Root ... 
t • • 

subtype Unit_Vectors    is Unit_VOpns.Vectors; 
subtype Velocity_Vectors is Velocity_V0pns.Vectors; 
• • • 
package Crosstrack_and_Hdg_Error_Opns is new 

WPS.Croistrack_änd Heiding_Error_Operations 
(Navigation_IndIces *> Navigation_Indices, 
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i 

Unitlndices => Unitlndices, 
Anglis -> BDT.frig.Radians, 
Earth_Distances *> BDT.Meters, 
Segment_Distances «> BDT.Meters, 
Sin_Cos Ratio «> BDT.Trig.SinCos Ratio, 
Tan~RatIo «> BDT.Trig.Tan~RatTo, 
Velocities »> BDT.Meters per Second, 
ünit_Vectors => Unlt_Vectors              , 
Velocity Vectors «> Velocity Vectors      , 
Earth_Ra3ius «> VGS72.Semimajor_Axis, 
• • • 
Dot Product «> Uni tVOpns.Dot_Product, 
Sqrt -> Sqrt Pkg.Sqrt," 
Arctan -> BDT.Trig.Arctan); 

• •  • 
UR M :  Unit Vectors; 
UN B : Unit Vectors; 
Griid Vel : Velocity Vectors; 
Crosstrack Error  :  BDT.Meters; 
Heading Error : BDT.Radians; 

begin 

Crosstrack_and Hdg_Error Opns.Compute When_Not_Turning 
(UnitRadialM   => ÜR M, 
Unit_Normal_B   -> UN~B, 
Ground_Velocity => Grnd_Vel, 
Crosstrack Error -> Crositrack Error, 
Heading Error => Heading Error); 

3.6.6.1.9.4.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 
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3.6.6.1.9.4.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name                | Type 

Compute_When_Turning    | procedure 

Compute_When_Not_Turning j procedure 

Compute              j procedure 

| Description 

Computes crosstrack and heading 
error for a missile in turning 
flight 

Computes crosstrack and heading 
error for a missile in nonturning 
flight 

Computes crosstrack and heading 
error for a missile 

3.6.6.1.9.4.8 PART DESIGN 

None. 

3.6.6.1.9.5 DISTANCE_TO_CURRENT_WAYPOINT (CATALOG #P103-0) 

This part computes the distance from the missile's position to the current 
vaypoint, B. 

This part uses the assumption that alpha«sin(alpha) for its calculations. 

3.6.6.1.9.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R176. 

3.6.6.1.9.5.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name I Type | Description 

UnltVectors 

Sin_Cos_Ratio 

Tan_Ratio 

Earth_ 
Distances 
Segment_ 
Distances 

private 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

One dimensional, three-element array of 
Sin Cos_Ratio 

Results öf sine/cosine operations 

Results of tangent operation 

Data type of distance measurements 
involving the radius of the Earth 

Data type of distance measurements 
involving navigation segments 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name       | Type | Value | Description 

| EarthRadius  | Earth_Distances | N/A    | Radius of the Earth 

I 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type | Description I 
| Dot_Product | function | Computes the dot product of two unit vectors | 
j "*" j function j Multiplication operator defining the operation: | 
| j | Sin_Cos_Ratio * Earth_Distances => j 
j j j Segment_Distances j 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name I Type | Mode | Description 

Unit 
Radial M 

Unit_ 
Tangent B 

Unit Vectors 

Unit Vectors 

in 

in 

Unit radial vector to the missile 
extending outward from the origin 
of the Earth-centered reference 
frame 

Segment AB unit  tangent vector 

The unit vectors may be calculated using the Vaypoint_Steering.    Steering_ 
Vector Operations routines. 
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3.6.6.1.9.5.3 INTERRUPTS 

None. 

3.6.6.1.9.5.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Waypoint_Steering; 
with Basic DataTypes; use BasicDataTypes; 
with CoordTnate_Vector_Algebra; 
wi th WGS72_Ellipsoid_Engineer ingData; 

package VPS renames Waypoint_Steering; 
package BDT renames Basic_Data_Types; 
package CVMA renames Coordinate~Vector_Algebra; 
package WGS72 renames WGS72_Ellipsoid_Engineering_Data; 

type Unit_Indices   is (X, Y, Z); 
• • • 
package Unit_VOpns is new CVMA.Vector_Operations ... 
• • • 
subtype Unlt_Vectors is Unit_VOpns.Vectors; 
• • • 
function Dist to Current_Waypoint is new 

WPS.Distance to Current Vaypoint 
(Unit_Vectors -> Unit_Vectors, 
Sin_Cos Ratio •> BDT.Trig.Sin_Cos Ratio, 
Tan_RatTo -> BDT.Trig.TanRatTo, 
Earth_Distances ■> BDT.Meters, 
SegmentDistances ■> BDT.Meters, 
Earth Radius •> VGS72.Semimajor_Axis, 
DotProduct «> UnitVOpns.DotProduct); 

• • • 
URM :  UnitVectors; 
UT_B : Unit Vectors; 
DisttoB    : BDT.Meters; 

begin 
• • • 
Dist_to B :« Dist  to_Current_Waypoint 

(Unit Radial M    => UR M, 
Unit~Tangent_B => UT~B); 

3.6.6.1.9.5.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.6.1.9.5.6 DECOMPOSITION 

None. 
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3.6.6.1.9.6 DI STANCE_TO_CURRENT_WAYPOINT_WITH_ARCSIN 

This part computes the distance from the missile's position to the current 
waypoint, B. 

This part does not use the assumpting that alpha>sin(alpha) when doing its 
computations. 

3.6.6.1.9.6.1 REQUIREMENTS ALLOCATION 

None. 

3.6.6.1.9.6.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name I Type Description I 
Unit_Vectors 

Sin_Cos_Ratio 

Tan_Ratio 

Earth_ 
Distances 
Segment_ 
Distances 

private 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

One dimensional, three-element array of 
Sin CosRatio 

Results öf sine/cosine operations 

Results of tangent operation 

Data type of distance measurements 
involving the radius of the Earth 

Data type of distance measurements 
involving navigation segments 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name       | Type | Value | Description 

| Earth_Radius | Earth_Distances | N/A    | Radius of the Earth 

I 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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Name 

Arcsin 

Dot_Product 

Type 

function 

function 
function 

Description 

Arcsine function (must return radians, NOT 
degrees) 
Computes the dot product of two unit vectors 
Multiplication operator defining the operation: 
Sin_Cos_Ratio * Earth_Distances => 
Segmen^Distances 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name I Type 

Unit_Vectors 

Unit Vectors 

Mode Description 

Unit 
Radial M 

Unit_ 
Tangent B 

m 

in 

Unit radial vector to the missile 
extending outward from the origin 
of the Earth-centered reference 
frame 

Segment AB unit tangent vector 

,-   The unit vectors may be calculated using the Waypoint_Steering. Steering_ 
!•  Vector^Operations routines. 

3.6.6.1.9.6.3 INTERRUPTS 

None. 

3.6.6.1.9.6.A TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Waypoint_Steering; 
with Basic DataJTypes; use Basic_Data_Types; 
with Coordlnate'Vector Algebra; 
with WGS72_Ellipsoid_Engineering_Data; 
• * • 

package WPS renames Waypoint_Steering; 
package BDT renames Basic DataJTypes; 
package CVMA renames CoordInate_Vector_Algebra; 
package WGS72 renames WGS72_Ellipsoid_Engineering_Data; 
• • • 
type Unit_Indices   is (X, Y, Z); 
• • • 
package    Unit_VOpns    is new CVMA.VectorOperations ... 
• • • 
subtype Unit_Vectors is Unit_VOpns.Vectors; 
• • • 
function Dist_to_Current_Waypoint is new 

WPS.Distance to Current Waypoint with Arcsin 
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(ünit_Vectors 
Sin_Cos Ratio 
Tan~RatTo 
Earth_Distances 
Segment_Distances 
Earth_Radius 
Dot_Product 

«> Unit Vectors, 
«> BDT.frig.SinCos Ratio, 
B> BDT.Trig.Tan-RatTo, 
-> BDT.Meters, 
«> BDT.Meters, 
-> VGS72.Seniiinajor Axis, 
-> UnitVOpns.DotFroduct); 

• • • 
UR M 
UT B 
Dlst to B 

: Unit_Vectors; 
: Unit~Vectors; 
: BDT.Meters; 

begin 

Dist to B := Dist toCurrent Waypoint 
(Önlt_Radial~M => URM, 
ünit_Tangent_B ■> UTE); 

3.6.6.1.9.6.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.6.1.9.6.6 DECOMPOSITION 

None. \gf 

3.6.6.1.9.7 COMPUTE_TURNING_AND_NONTURNING_DISTANCES (CATALOG #P104-0) 

This part computes the missile turning distance projected onto the current 
course segment, AB, and the missile nonturning distance measured along the next 
course segment, BC. 

3.6.6.1.9.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R177. 

3.6.6.1.9.7.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by  this part: 
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Name Type Description 

Data type of distance measurements Distances | floating 
j point type | 

Tan_Ratio j floating j Data type of results of tangent operation 
j point type j 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name Type | Description 

| "*"   | function | Multiplication operator defining the operation: 
|       j j Distances * Tan Ratio -> Distances 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode | Description I 
Tan of One 
HaTf_furn~ 
Angle 
Segment_BC_ 
Distance 

Turn Radius 
Turnlng_ 
Distance 

Nonturning_ 
Distance 

Tan Ratio | in 
I 
I 

Distances  in 

I 
Distances | in 
Distances I out 

Distaiu* 

Tangent of 1/2 the angle between 
current course segment and next course 
segment 

Great circle arc length between way- 
points B and C 

Desired missile turn radius 
Distance from the point of tangency of 
the turn circle and the current course 
segment AS to the current waypoint, B 

Distance from the point of tangency of 
the turn circle and the next course 
segment BC to the next waypoint, C 

These input values may be calculated using the following parts: 
o Waypoint_Steering.Compute_Turn_Angle_And Direction 
o Waypoint Steering.Steering Vector Operations.Initialize and Update 

3.6.6.1.9.7.3 INTERRUPTS 

None. 

3.6.6.1.9.7.4 TIMING AND SEQUENCING 

yß*    The following shows a sample usage of this part: 

with Waypoint Steering; 
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with Baslc_Data_Types; use Basic_Data_Types; 
• • • 

package VPS renames Vaypoint_Steering; 
package BDT renames Basic_Data_Types; 
• • • 
procedure Comp_Turn_And_Nonturn_Dlst 

WPS.Compute_Turning and_Nonturnlng_Dlstances 
(Distances »> BDf.Meters, 
Tan Ratio -> BDT.Trig.Tan Ratio); 

Tan_Value 
BC Dist 
TurnRad 
TurnDist 
Nonturn Dist 

BDT.Trig.Tan_Ratio; 
BDT.Meters; 
BDT.Meters; 
BDT.Meters; 
BDT.Meters; 

begin 

CompJTurn And_Nonturn_Dist is new 
(fan_oI One_Half_Turn_Angle «> Tan Value, 
Segment BCDistance      => BC_Dist, 
Turn Ra3ius -> Turn_Rad, 
Turning Distance »> Turn~Dist, 
NonturnIng_Distance      ■> Nonturn_Dist); 

3.6.6.1.9.7.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. . 

3.6.6.1.9.7.6 DECOMPOSITION 

None. 

3.6.6.1.9.8 TURN_TEST_OPERATIONS (CATALOG #P105-0) 

This part contains the operations required to determine if a missile should be 
in turning or nonturning flight. 

3.6.6.1.9.8.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

| Name | Requirements Allocation | 

| StopJTest      | R178 | 
j Start Test     j R179 | 
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3.6.6.1.9.8.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

|    Name |    Type |    Description | 

| Distances  |  floating        | Data type of distance measurements I 

3.6.6.1.9.8.3 LOCAL ENTITIES 

Nona. 

3.6.6.1.9.8.4 INTERRUPTS 

None. 

3.6.6.1.9.8.5 TIMING AND SEQUENCING 

The following parts may be used to compute the input values required 
by the units in this package: 

o Waypoint_Steering.Distance to_Current_Waypoint 
o Waypoint_Steering.Compute_Turning_and_Nonturning_Distances 

The following shows a sample usage of this part: 

with Basic DataJTypes; use Basic_Data_Types; 
with WaypoTnt_Steering; 

package BDT renames Basic DataJTypes; 
package WPS renames WaypoTnt_Steering; 
• • • 
package Turn_Test_Opns is new 

WPS.Turn_Test_Operations 
(Distances -> BDT.Meters); 

• • • 
Dist_to_B : BDT.Meters; 
NonturnDist : BDT.Meters; 
LeadDist : BDT.Meters; 
Turn_Stat : WPS.Turning_Statuses; 
• • • 

begin 

Turn_Stat :» Turn_Test_Opns.Stop_Test 
(Distance_to_B     => Dist_to_B, 
Nonturning_Distance => Nonturn_D>st, 
Lead Distance     »> Lead Dist); 



CAMP Software Top Level Design Document Page 358 

3.6.6.1.9.8.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.6.1.9.8.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name        | Type    | Description | 

| StopJTest      | function | Indicates if the missile should be in      j 
I j         j nonturning flight j 
j StartJTest     j function j Indicates if the missile should be in      j 
j j         j turning flight j 

3.6.6.1.9.8.8 PART DESIGN 

None. 
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package Vaypoint_Steering is 

—    —set up required types- 

type TurningDirections is (Left Turn, RightTurn); 
type Turning~Statuses  is (Turning,  NotJTürning); 

pragaa PAGE; 
generic 

type Indices        is (<>); 
type Earth_Distances  is digits <> 
type Earth_Positions  is digits <> 
type Segment_Distances is digits <> 
type Sin_Cos_Ratio    is digits <> 
type Unit Vectors 
Earth Radius 
with function "*" (Left 

Right 
with function "/" (Left 

is array (Indices) of Sin_Cos_Ratio; 
in Earth_Distances; 
: Earth_Distances; 
: Sin_Cos_Ratio) return Segment_Distances is <>; 
: Unit_Vectors; 

Right : Sin_Cos_Ratlo) return Unit_Vectors is <>; 
with function Cross Product (Left ~: Unit Vectors; 

Right : Unit~Vectors) 
return Unit Vectors is <>; 

with function Vector_Length (Input : UnIt_Vectors) 
return Sin_Cos_Ratlo is <>; 

'with procedure Sin_Cos (Input : in Earth_Positions; 
Sine  : out Sin_Cos_Ratio; 
Cosine : out Sin~Cos_Ratlo) is <>; 

package Steering_Vector_Operations is 

procedure Initialize 
(Waypoint_A_Lat 
Waypoint~A~Long 
Waypoint~B~Lat 
Waypoint~B_Long 
Waypoint_C~Lat 
Waypoint_C_Long 
UnitNormal B 
Unit_Normal~C 
ünit_Tangent B 
Unit_Tangent~C 
Segmen t_Bc_Dls tance 

procedure Update 
(Waypoint_C_Lat 
Waypoint_C_Long 
Unit_NorraaI B 
Unit_Normal_C 
Unit_Tangent_B 
Unit_Tangent_C 
Segmen t_Bc_Dis tance 

end Steering_Vector_Operations; 

in Earth_Posltions; 
in Earth_Positions; 
in EarthPositions; 
in Earth_Positions; 
in Earth_Positions; 
in Earth_Positions; 

out Unit_Vectors; 
out Unit_Vectors; 
out Unit_Vectors; 
out Unit~Vectors; 
out Segment_Distances); 

in EarthPositions; 
in Earth_Positions; 

out Unit_Vectors; 
in out Unit^Vectors; 

out Unit_Vectors; 
in out Unit~Vectors; 

out Segment Distances); 

pragma PAGE; 
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is «>); 
is digits <>; 
is digits <>; 
is digits <>; 

generic 
type Indices 
type Earth_Distances 
type Earth~Posltions 
type Radians 
type Segnient_Distances is digits <>; 
type Sln_Cos_Ratio    is digits <>; 
type Unit Vectors    is array (Indices) of SlnCosRatlo; 
Earth Radius : in Earth_Distances; 
vith lunction "*" (Left : EarthDistances; 

Radians) return Segment_Distances is <>; 
Unit_Vectors; 
Sin_Cos_Ratio) return Unit_Vectors is <>; 

vith function Arcsin (Input : Sin_Cos_Ratio) return Radians is <>; 
with function Cross_Product (Left : Ünit_Vectors; 

Right : Unit_Vectors) 
return Unit Victors is <>; 

with function Vector_Length (Input : UnTt_Vectors) 
return Sin_Coi_Ratlo is <>; 

with procedure Sin_Cos (Input : in EarthPositlons; 
Sine  : out Sin_Cos_Ratio; 
Cosine : out Sin_Cos~Ratio) is <>; 

package Steering_Vector_Operations_With_Arcsin Is 

Right 
with function "/" (Left 

Right 

procedure Initialize 
(Waypoint_A_Lat 
Waypo i n t_A_Long 
Waypoint~B~Lat 
Waypo i n t_B_Long 
Waypoint~C~Lat 
Waypoint~C~Long 
Unit_NorinaT_B 
Unit_Normal_C 
Unit~Tangent B 
Unit_Tangent~C 
Segment_Bc_DTs tance 

procedure Update 
(Waypolnt_C_Lat 
Vaypoint_C Long 
UnitNormalB 
Unit_Normal_C 
UnitTangentB 
UnitTangent C 
Segment Be Distance 

in EarthJPositions; 
in Earth_Positions; 
in EarthPositions; 
in Earth'Positions; 
in Earth_Positions; 
in   Earth'Positions; 

out Unit_Vectors; 
out Unit_Vectors; 
out Unit_Vectors; 
out Unit_Vectors; 
out Segment_Distances); 

in 
in 

Ear ».h_Poslt ions; 
£far>h~Positions; 

out 'Jnit_Vectors; 
in out Unit_Vectors; 

out Unit_Vectors; 
in out Unlt_Vectors; 

out Segment_Distancds); 

end Steering_Vector_Operations_With_Arcsin; 

pragma PAGE; 
generic 

type Unit_Vectors is private; 
type SinCos Ratio is digits <>'; 
type Tan Ratio   is digits <>; 
with function "+" (Left : TanRatlo; 

Right : SinCos Ratio) return TanRatlo is <>; 
with function "/" (Left  : Sin_Cos~Ratio; 

Right : Tan~RatIo) return Tan Ratio is <>; 
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with function Dot_Product (Left : Unit_Vectors; 
Right : Unit_Vectors) 
return Sin CosRatio Is <>; 

procedure Compute Turn Angle And Direction 
(Unit_Normal C 
ünlt~Tangent_B 
Unit_Tangent_C 
TanOf One_Half_Turn_Angle 
Turn_DTrection 

pragaa PAGE; 
generic 

type Navigation_Indices is (<>); 

in Unit_Vectors; 
in Unit~Vectors; 
in Unit-Vectors; 

out Tan_Ratio; 
out TurningDirections); 

# 

type Unit_Indices 
type Angles 
type Earth_Distances 
type Segment_Distances 
type Sin_Cos Ratio 
type TanRatlo 
type Velocities 
type Unit_Vectors 
type Velocity Vectors 
E        - -  - 

N 
U 
X 
y 
z 
Earth Radius 
with lunction 

is «»; 
is digits <>; 
is digits <>; 
is digits <>; 
is digits <>; 
is digits <>; 
is digits <>; 
is array (Unit_Indices) of Sin_Cos_Ratio; 
is array (Navigation Indices) of Velocities; 

in Navigation_Indices 
in Navigation_Indices 
in Navigation_Indices 
in Unit_Indices 
in Unit_Indices 
in Unit Indices 
in EartH Distances; 

Navigation Indices'FIRST; 
Navigation~Indices'SUCC(E); 
Navigation Indices'LAST; 
Unit Indices'FIRST; 
Uhit~Indices'SUCC(X); 
Unlt~Indices'LAST; 

n4.11 

with function "*" 

(Left 
Right 

(Left 
Right 

with function "*" (Left 
Right 

with function "*" (Left 
Right 

with function "*" (Left 
Right 

with function "*" (Left 

with function "/" 
Right 
(Left 
Right 

Sin_Cos Ratio; 
Earth_DTstances) 

return Segment_Distances is <>; 
Sin_Cos_Ratio; 
Segient~Distances) 

return Segment_Distances is <>; 
Segmen t_Dis tances; 
INTEGER)      return SegmentDistances is <>; 
INTEGER; 
Sin_Cos_Ratio) return Sin_Cos_Ratio is <>; 
Segment~Distances; 

return Tan Ratio is <>; 

return Velocities is <>; 

return Tan Ratio is <>; 

Velocities) 
Sin_Cos Ratio; 
Velocities) 
Velocities; 
Velocities) 

Unit_Vectors; 
Unit_Vectors) 

return Sin_Cos_Ratio is <>; 
Segment_Distances) 

return Segment_Distances is <>; 
with function Arctan (Input : Tan_Ratio) return Angles is <>; 

package Crosstrack. And Heading Error Operations is 

with function Dot Product (Left 
Right 

with function Sqrt (Input 

procedure Compute_When_Turning 
(Distance_To_B     ; in 
Nonturning Distance : in 
Unit Radial M     : in 

Segment_Distances; 
Segment_Distances; 
Unit Vectors; 
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Unit_Normal_B 
ünlt"Tangent_B 
Turn_Directlon 
Ground_Veloclty 
TurnRadius 
Cross t rack_Error 
Headlng_Error 

procedure Compute_When NotJTurning 

in Unit_Vectors5 
in Unit~Vectors; 
in TurnTng_Directions; 
in Veloclty_Vectors; 
in SegmentDistances; 
out Segment_Distances; 
out Angles); 

(UnitRadTalM 
Unit_Normal_B 
Ground_Veloci ty 
Crosstrack_Error 
Heading_Error 

procedure Compute 
(Dlstance_To_B 
Nonturning Distance 
UnitRadialM 
Unit_Normal_B 
UnitTangentB 
Turn_Direction 
Turn_Status 
Ground_Velocity 
TurnRadius 
Crosstrack_Error 
Heading Error 

in Unlt_Vectors; 
in Unit_Vectors; 
in Velocity_Vectors; 
out Segment Distances; 
out Angles); 

in Segment_Distances; 
in Segment_Distances; 
in Unit_Vectors; 
in Unit_Vectors; 
in Unit-Vectors; 
in TurnTng_Directions; 
in Turning_Statuses; 
in Velocity Vectors; 
in Segment_Distances; 
out Segment'Distances; 
out Angles)! 

end Crosstrack_And_Heading_Error_Operations; 

pragaa PAGE; 
generic 

type Unit_Vectors 
type SinCos Ratio 
type TanRatTo 
type Earth Distances 

is private; 
is digits <>; 
is digits <>; 
is digits <>; 

type Segment_Distances is digits <>; 
Earth Radius'       : in Earth_Distances; 
with function Dot Product (Left T Unit Vectors; 

Right : UnltVectors) 
return Sin_Cos_Ratio is <>; 

: Sin_Cos_RatioT 
: Earth Distances) 

vith function "*" (Left 
Right 
return Segment_Distances is <>; 

function DistanceJTo Current_Waypoint 
(Unit_Ra<Iial_M : UnitVectors; 
Unit_Tangent_B : Unit~Vectors) return Segment_Distances; 

pragma PAGE; 
generic 

type Unit_Vectors 
type Radians 
type Sin_Cos Ratio 
type Tan_RatTo 
type Earth_Distances 

is private; 
is digits <>; 
is digits <>; 
is digits <>; 
is digits <>; 

type Segment Distances is digits <>; 
Earth Radius : in Earth Distances; 
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vith function Arcsin (Input : Sin_Cos Ratio) return Radians is <>; 
vith function DotProduct (Left : Unit Vectors; 

Right : Unit~Vectors) 
return Sin_Coi_Ratio is <>; 
Radians; 
Earth Distances) 

Page 363 

with function "*" (Left 
Right 
return Segment_Distances is <>; 

function DistanceJTo Current_Waypoint_With Arcsin 
(Unit_Ra3ial_M : UnitVectorsJ 
Unit Tangent B : Unit Vectors) return Segment Distances; 

pragma PAGE; 
generic 

type Distances is digits 
type Tan Ratio is digits 
with function "*" (Left 

Right 

<>; 
<>; 
: Distances; 
: Tan Ratio) return Distances is <>; 

procedure Compute_Turning_And_Nonturning_Distances 
(Tan_Of_One_Half_Turn_Angle 
Segment Bc~Distince 
Turn Radius 
Turning Distance 
NonturnIng_Distance 

pragma PAGE; 
generic 

type Distances is digits <>; 
package Turn_Test_Cperations is 

in TanRatio; 
in Distances; 
in   Distances; 

out Distances; 
out Distances); 

function Stop Test 
(BistanceJTo B 
Nonturning_Distance 
Lead_Distance 

function Start Test 
(Dlstance_To_B 
Turning_Distance 
Lead_Distance 

end Turn_Test_Operations; 

end WaypointSteering; 

Distances; 
Distances; 
Distances) return Turning_Statuses; 

Distances; 
Distances; 
Distances) return Turning Statuses; 

# 
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3.6.6.2 AUTOPILOT TLCSC (CATALOG #P301-0) 

This package provides operational parts to perform autopilot functions. Each 
part is designed as an Ada generic package, where the generic parameters will 
specify the data types of the input and output signals and the values needed by 
the packages to perform their actual processing. 

The method used in developing this design is to offer a package which requires 
actual subprograms to be used in performing the low level functions. The part 
user will have constructed these low level subprograms prior to instantiating 
the package. If the data types used in instantiating the autopilot parts are 
the same as those used in instantiating the appropriate low level functions, 
then the low level functions will default; the user need not include those 
functions in the instantiation of the autopilot part. 

There are no exceptions raised at the TLCSC level. 

3.6.6.2.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

^jpp* 

Name 

Integral Plus Proportional 

Pitch autopilot 

Lateral/Directional autopilot 

Type 

generic package 

generic package 

generic package 

Req. Allocation 

R048 

R059 

R064 

3.6.6.2.2 INPUT/OUTPUT 

None. 

3.6.6.2.3 UTILIZATION OF OTHER ELEMENTS 

This package does not with other library units.    However, applications 
using this part should with the following parts: 

1. Signal Processing Parts 
2. Autopilot Data Types 

3.6.6.2.4    LOCAL ENTITIES 

None 
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3.6.6.2.5 INTERRUPTS 

None. 

3.6.6.2.6 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Autopilot, Signal_Processing, Autopilot_Data_Types; 
procedure User_Application is 

—Instantiate packages from Autopilot 

begin 

•  •  • 

end User_Application; 

3.6.6.2.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.6.2.8 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name | Type  | Description 

Integral plus 
proportional 
gain 

Pitch Autopilot 

Lateral/ 
Directional 
Autopilot 

generic j This package exports the subprograms 
package]  to perform the integral plus 

proportional gain. It also allows 
for the initialization of the 
integrator state. 

generic j Performs the pitch autopilot 
packagej operations needed to produce a new 

value for elevator commands. It also 
initializes the pitch dynamics. 

generic | Performs the lateral/directional auto- 
package j pilot operations to produce new 

values for the aileron and rudder 
commands. It also initializes the 
roll and yaw dynamics. 



CAMP Software Top Level Design Document Page 367 

3.6.6.2.9 PART DESIGN 

3.6.6.2.9.1 INTEGRAL PLUS PROPORTIONAL GAIN (CATALOG #P302-0) 

This part implements the calculations and logic necessary to implement an 
integral plus proportional gain. 

3.6.6.2.9.1.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

| Name | Requirements Allocation | 

|Integral_Plus_Proportional_Gain | R048 | 

3.6.6.2.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name | Type       | Description | 

| Input_Signals    | generic float | Type of values input to part | 
j Gains-         j generic float j Type of gain applied to input j 
I Integrated_Signals| generic float j Input signal put through    j 
j               j j integrator j 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name | Type | Description | 

| Initial | Gains | Initial value of proportional gain  | 
j ProportIonal_Gain j      |  applied to input signal | 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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$ 

Name Type        |    Description 

Tustln_ 
Integrate! 

|  function | Overloads Input_Signals * Gains return        | 
j I      Integrated_Signals for proportional gain] 
|  function | Performs Tust in integrator with limit j 

3.6.6.2.9.1.3 LOCAL ENTITIES 

None. 

3.6.6.2.9.1.4 INTERRUPTS 

None. 

3.6.6.2.9.1.5    TIMING AND SEQUENCING 

Sample usage: 

The following shows a sample usage of this part: 

with SignalProcessing, Autopilot_Data_Types, Autopilot; 
use Autopilot Data_Types; 
procedure USER is ~ 

type Command_Signals is new Autopllot_Data_Types*.Roll_Commands; 
type Coinmand_Gains is new 

Autopi lot~Data_Types. Degrees_To_Degrees_Per_Second_Gains; 
type Gained_Conunand_Signals is new 

Autopilot Data_Types.Feedback_Rates_Degrees; 
package TustTn_InIegrator is new 

Signal_Processing.Tustin_Integrator_With_Limit 
(Signals 
States 
GainedSignals 
Gains 
Inltial_Tustin_Gain 
Ini tial~Signal~Level 
Initial~Time_Interval 
Inltial_Signal_Limit 

use Tustin_Integrator7 
package Command Integrator is new 

Autopilot. Integral_Plus_Proportional_Gain 

/* 
w 

«> Command Signals, 
=> Command Signals, 
=> Gained Command Signals, 
«> Command Gains, 
-> 0.0,  ~ 
«> 0.0, 
-> 1.0/64.0, 
=> 5.0); 

(Input_Signals 
Gains 
Integrated_Signals 
Proportional_Gain 
"*" 

Tustin_Integrate 
Command        : Command Signals; 
Integrated_Signal : Command~Signals; 

begin 
Integrated Signal :■ Command Integrator.Integrate (Command); 

=> Command_Signals, 
-> Command_Gains, 
=> Command_Signals, 
=> 0.1); 

Automatically defaults 
Automatically defaluts 

^ 
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Command Integrator.Update_Gains 
(New~Proportional Gain «> 0.20); 

end USER; ~ 

3.6.6.2.9.1.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.6.2.9.1.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name | Type   | Description 

Integrate        | Function 

Update_Proportional_j Procedure! 
Gain 

Performs integral plus proportional 
gain operations. 

Stores new values for proportional 
gain. Integral gain is updated 
through the Tustin Integrator 
package. 

Vrr 
3.6.6.2.9.1.8 PART DESIGN 

None. 

3.6.6.2.9.2 PITCH AUTOPILOT (CATALOG #P303-0) 

This package implements the functions and procedures necessary to perform a 
pitch autopilot control loop using classical control theory. 

3.6.6.2.9.2.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

| Name |  Requirements Allocation 

| Pitch Autopilot ( R059 

# 

3.6.6.2.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 
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The following table describes the generic formal types required by this part: 

Name I Type | Description 

Normal_Acceleration_ 
Commands 

Accelerations 

Accelerat ion_Command_ 
Gains 

Acceleration Gains 

Pitch_Rates 

Pitch_Rate_Gains 

Fin Deflections 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Type for input commands 

Type for acceleration 
feedbacks 

Gains applied to accel- 
erations in state loop 

Gains applied to 
filtered acceleration 
feedback 

Type for pitch rate 
feedback 

Gains applied to 
filtered pitch rate 

Type for Fin Deflection 
command 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name Type Description I 
Initial_Integrator_ 
Gain 

Initial Integrator_ 
Limit" 

Initial_Acceleration_ 
Gain 

Initial_Pitch_Rate_ 
Gain 

Initial Proportional_ 
Gain ~ 

Acceleration 
Command_GaIns 

Fin Deflections 

Acceleration Gains 

Pitch Rate Gains 

Acceleration 
Command Gains 

Initial gain to 
Tustin integrator 
input 

Initial limit on 
Tustin integrator 
output 

Initial gain to 
filtered accelera- 
tion feedback 

Initial gain to 
filtered pitch 
rate feedback 

Initial gain for 
proportional 
loop 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

si 
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Name Type Description 

Limit 
Acceleration 

Filter 
Pitch Rate Filter 

11*11 

Function 
Function 

Function 

Function 

Function 

Function 

Function 

Function 

Perform Limiter function (e.g. R202) 
Performs filter function on 
Acceleration feedback 

Performs filter function on pitch 
rate feedback 

Times for applying gain 
to Normal Acceleration commands 

Times for applying gain to 
acceleration feedback 

Summer to add input acceleration 
command and filtered acceleration 
feedback in autopilot initialize 

Minus for calculating normal accel- 
eration error in integral loop 

Times for applying gain to 
Pitch Rate feedback 

3.6.6.2.9.2.3 LOCAL ENTITIES 

Data structures: 

Stores values for gains. 

Packages: 

Instantiates IntegralPlusProportional Gain package (from this Autopilot 
package) for normal acceleration error Integrator. Also instantiates Tustin 
Integrator (from Signal_Processing package) as required by Integral_Plus_- 
Proportional_Gain. 

3.6.6.2.9.2.4 INTERRUPTS 

None. 

3.6.6.2.9.2.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 
with Signal_Processing, Autopilot_Data_Types, Autopilot; 
use Autopilot_Data_Types5 
procedure USER is 

package A_D_T renames Autopilot_Data_Types; 

type Command Signals is new A_D_T.Acceleration_Commands_FPS2; 
type Acceleration_Feedbacks is new A~D~T.Acceleration_Feedbacks_GEES; 
type Pitch_Rate_Feedbacks  is new A~D~T.Feedback Rates_Degrees; 

is new AJ)_T.FPS2_To DegreesGain; 
is new A_D_T.DPS_To Degrees_Gain; 
is new A~D~T.Fin_DeIlectioni_Degrees; 

type Acceleration_Filter_Coefficients Ts new 
A D T.Acceleration Feedbacks FPS2; 

type Command_GaIns 
type Pitch_Rate_Gains 
type FinDeflections 
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type Pitch_Rate_Filter_Coefflclents is new 
AD T.Feedback Rate Degrees 
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Norinal_Accelerat ion_Command 
Tustin_Gain 
Integrator_Liinit 
Measured Acceleration_Feedback 
Pi tch_Rate_Feedback 
Proportional Gain 
Pitch_Rate_Gäln 
Accelerat iön_Gain 
Elevator Command 

Command_Signals 
Command Gains 
Pln_DefTections 
Acceleration_Feedbacks 
Pitch_Rate Feedbacks 
Command_Gains 
Pitch_Räte Gains 
Command Gains 
Ga i nedCommandSi gnals 

1.0 
0.1 
5.0 
1.0 
1.0 
0.1 
0.1 
0.1 
2.0 

package Command_Limiter is new 
Signal_Processing.Absolute Limiter With_Flag 

(Signal Type -> FlnDeflections, 
InitiaI_Absolute Limit -> 5.0); 

use Command_Limiter; — to default 

package Accelerations_Filter is new 
Signal_Processing.Tustin_Lag Filter 

(Signal_Type    => AcceIeration_Feedbacks, 
Coefficient_Type "> Acceleration_Filter_Coefficients, 
Ini t ial_Previ ous_Inpu t_S ignal 

■> Measured_Acceleration_Feedback, 
Coefficient^   -> 0.9, 
Coefficient_2   -> 0.1); 

function Acceleration_Filter 
(Normal_Acceleration: Acceleration_Feedbacks) 
return Acceleration_Feedbacks renames Acceleration_Filter.Filter; 

package Pitch_Rates_Filter is new 
SignalProcessing.TustinLag Filter 

(Signal_Type    => PitcHRate Feedbacks, 
Coefficient_Type => Pitch_Rate~Filter_Coefficients, 
Initial_Previous Input Signal 

"=> Pitch_Rate_Feedback, 
Coefficient^   -> 0.9, 
Coefficient_2   => 0.1); 

function Pitch_Rate_Filter-(Pitch_Rate : PitchRateFeedbacks) 
returns Pitch_Rate_Feedbacks renames Pitch_Rates_Filter.Filter; 

package Pitch Command is new Pitch Autopilot 
Generic actual types 

(Normal_Acceleration_Comraands 
Accelerations 
Acceleration_Command_Gains 
Acceleration_Gains 
Pitch_Rates 
Pitch_Rate_Gains 
Fin_Deflections 

Generic actual objects 
Initial_Integrator_Gain 
Initial_Integrator_Limit 
Initial_Acceleration Gain 
Ini t ialPi tchRateGiin 
Initial Proportional Gain 

=> Command_Signals, 
=> Acceleration_Feedbacks, 
B> Command_Gains, 
=> Command_Gains, 
=> PitchRateFeedbacks, 
=> Pitch_Rate_Gains, 
=> Fin_Deflections, 

=> Tustin_Gain, 
=> Integrator_Limit, 
-> Acceleration Gain, 
=> PitchRateGiin, 
'>  Proportional Gain 
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— Limiter and filters default through renamings 
— all overloaded operators default from Autopilot_Date_Types 

); 

begin 

— obtain Normal_Acceleration Command 
— obtain Acceleration_ and PTtch_Rate_Feedback.s 

Initialize_Pitch_Autopilot 
(Normal_Acceleration_Command => Normal_Acceleration_Command, 
Measured Normal_Acceleration ■> Measured_Acceleratiön Feedback, 
Measure3_Pitch_Rate       => PitchRateFeedback," 
Initial~Elevator_Command   => Elevator_Command); 

Elevator_Command :• Pitch_Autopllot.Compute_Elevator Command 
(Normal_Acceleration_Command «> Normal_AcceleratTon_Command, 
Measured Normal_Acceleration => Measured Acceleration Feedback, 
MeasureE_Pitch_Rate       »> Pitch_Rite_Feedback)7 

PitchRate Gain :« 0.2; 
Update_Pitch_Rate_Gain (New_Gain => Pitch_Rate_Gain); 

Acceleration_Gain :- 0.2; 
Update_Acceleration_Gain (Nev_Gain ■> Acceleration); 

Proportional_Gain := 0.1; 
Update_Proportional_Gain (New_Proportional_Gain ■> Proportional_Gain); 

end USER; 

3.6.6.2.9.2.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.6.2.9.2.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

# 
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Name | Type 

Initlalize_Pltch_Autopllot | Procedure 

Compute Elevator Command  j Function 

Update_Pltch_Rate_ I Procedure 
Gain" 

Update_Acceleration_ | Procedure 
Gain 

Update_Integrator_Gain | Procedure 

Update_Integrator_Limit | Procedure 

Update_Proportional_Gain_ | Procedure 

Description I 
Sets initial state of pitch 
autopilot loop by initial- 
izing integr' or state 

Accepts acceleration command, 
measured normal accelera- 
tion and pitch rate and 
uses integrator state to 
calculate fin deflection 

Changes value stored for gain 
on pitch rate feedback 

Changes value stored for gain 
on acceleration feedback 

Changes value stored for gain 
in integrator loop 

Changes value stored for 
limit on integrator output 

Changes value stored for gain 
to normal acceleration 
error in integrator loop 

3.6.6.2.9.2.8 PART DESIGN 

None. 

3.6.6.2.9.3 LATERAL_D1RECTI0NAL_AUT0PIL0T (CATALOG #P304-0) 

This package implements the functions and procedures necessary to perform a 
lateral directional autopilot control loop using classical control theory. 

3.6.6.2.9.3.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

| Name | Requirements Allocation | 

| Lateral Directional Autopilot | R064 | 

3.6.6.2.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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€> 

| Name 

Roll_Commands 

Roll_Attltudes 

Roll_Command_Gains 

Missile_Accelerations 

Acceleration_Gains 

Rudder_Cmd_Roll_Ra t e_ 
Gains 

Gravi tational_Acceler- 
ations 

Velocities 

Trig_Value 

FinDeflectlons 

Feedback_Rates 

Feedback Rate Gains 

I Type 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

| Description 

Type for input commands 
from user program 

Type for measured missile 
roll attitude 

Gain to Roll commands 
in integrator loop 

Type for measured lateral 
acceleration 

Gains applied to 
measured acceleration 

Gain applied to roll rate 
feedback for rudder cmd 

Type for measured 
gravitational accel. 

Type for measured missile 
velocity 

Type for result of sin 
function 

Type for aileron & rudder 
commands & limits 

Type for measured roll 
and yaw rates 

Gain applied to yaw and 
roll rate feedbacks 

Data objects: 

The following table describes the generic formal objects required by this part: 
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| Name Type Description 

InitialAileron 
Integrator Gain 

Initial_Aileron_ 
Integrator_Limi t 

Initial_Roll~Command_ 
Propertionäl_Gain 

Initial_Roll Rate_ 
Gain For Aileron 

Initial Yaw Rate_ 
Gain For Aileron 

InitiaT_Ru3der_ 
Integrator Gain 

Initial_Rudder 
Integrator Limit 

Initial Yav_5ate_ 
Gain For Rudder 

InltiaI_RoIl_Rate_ 
Gain ForRüdder 

InitiaT_Acceleration_ 
Proportional Gain 

Roll_Command_Gains 

FinDeflections 

Roll Command Gains 

Feedback_Rate_ 
Gains 

Feedback_Rate_ 
Gains 

Acceleration_Gains 

FinDeflections 

Feedback_Rate_ 
Gains 

Rudder_Cind_Roll_ 
Rate_Gains 

Acceleration Gains 

Gain in aileron inte- 
grator loop 

Limit on aileron inte- 
grator output 

Proportional gain in 
integrator plus pro- 
portional gain loop 

Gain to measured roll 
rate for aileron cmd 

Gain to measured yaw 
rate for aileron cmd 

Gain in rudder inte- 
grator loop 

Limit on rudder inte- 
grator output 

Gain to measured yaw 
for rudder command 

Gain to measured roll 
rate for rudder cmd 

Proportional gain in 
integrator plus pro- 
portional gain loop 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

fej 
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| Name Type Description 

| Aileron control loop limiters and filters 

Roll_Error_Limit 
Ai leron_Command_Limi t 

Roll Command Filter 

| function | Limiter for roll error 
I function j Limit on command signal to 
I        j aileron 
| function j Filter applied to input roll 

command 

Rudder control loop limiters, filters, and operations 

Rudder_Command_Limi t 

Yaw Rate Filter 

function Limit on command signal to 
|  rudder 

function j Filter applied to measured 
j yaw rate 

| Acceleration_Filter   | function j Filter applied to measured 
|        j acceleration feedback 
j function j Sin function applied to 

measured roll attitude 

! 
|  Sin 
I I I 

Aileron control loop gain and updater functions 

«*»• 

j "*'• 

function | Subtracts Roll_Attitudes from 
j Roll_Commands~returning Roll_ 
j Error 

function j Multiplies Roll_Commands by 
j Roll_Command_Gains for 
I input to Aileron integrator 

function j Multiplies Feedback_Rates for 
j measured roll rate by 
j FeedbackRateGains 
j for Fin Deflections 

Rudder control loop gain and updater functions I 
function | Multiplies Missile_Accelera- 

| tions by Acceleration_Gains 
j returns Fin Deflections for 
j proportional loop of 
j integral plus proportional 
j gain 

function j Multiplies Feedback_Rates by 
j Rudder_Cmd_Roll Rate_Gains 
j returns FeedbacIt_Rates 

function j Multiplies Gravitational 
j Accelerations by Trig_Value 
j returns Gravitational_ 
j Accelerations 

function | Divides Gravitational 
j Accelerations by Velocities 

returns Feedback Rates 
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EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

| Name | Description 

| Aileron_Rudder_Commands | Record containing components for Aileron 
| and Rudder Command 

3.6.6.2.9.3.3 LOCAL ENTITIES 

Data structures: 

Stores values for gains and limits. 

Packages: 

Instantiates Integral plus proportional gain package for aileron roll command 
and for filtered lateral directional acceleration. Also instantiates Tustin 
integrator to implement each of the integral plus proportional gain packages. 

3.6.6.2.9.3.4 INTERRUPTS 

None. 
C 

3.6.6.2.9.3.5    TIMING AND SEQUENCING 

The following shows a sample usage of this part: 
with SignalProcessing, AutopilotDataTypes, BasicDataTypes, Autopilot; 
use Autopilot_Data_Types, Basic_Däta_Types, BasicDitaTypes.Trig; 
procedure USER is ~ 

package A_D_T renames Autopilot_Data_Types; 

package B D_T renames Basic_Data Types; 
type AcceTeration_Filter_CoefficTents is new 

A D T.Acceleration Feedbacks FPS2; 

Previous_Roll Command : A_D_T. 
Measured_AcceIeration_Feedback : A_D_T. 

Yaw_Rate_Feedback : A_D_T. 
Aileron_Proportional_Gain : A~D_T. 
Aileron_Integrator_Gain : A~D~T. 
Aileron_Integrator~Limit : A~D_T. 
Aileron_Command_RoTl_Rate_Gain : A D_T. 
Aileron_Coinmand_Yaw_Rate_Gain : AJ)_T. 
RudderlntegratörGain : A_D_T. 
RudderlntegratorLimit : ADT. 
Rudder Proportional Gain : A D T. 

Roll Commands_Radians      :■ 1.0; 
Acceleration Feedbacks_FPS2 

:= 1.0 
Feedback_Rates_Radians :>= 1.0 
Gain_In_Radians := 1.0 
Gain_In~Radians := 0.1 
Fin_DefTections_Radians := 5.0 
RPSToRadiansGain := 0.1 
RPS To Radians_Gain := 0.1 
FPS5_Tö Radians_Gain :- 0.1 
Fin DefIectlons_Radians :- 5.0 
FPS? To Radians Gain        :- 0.1 

% 
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Yaw RateGain : A_D_T.RPS To_Radians_Galn 
Rud3er_Roll_Rate_Gain : A_D_T.Pee3back Rates_Radians 
Acceleration Gain : A D T.PPS2 To Radians Gain 

0.1; 
0.1; 
0.1; 

package Roll Error Limiter is new 
STgnal_Processing.Absolute_Limiter With Flag 

(Signal Type        "«> A_D_T.RolT_Commands_Radians, 
InitiaT_Absolute_Limit «> A2D~T.Roll~Commands~Radians (5.0)); 

function Roll_Error Limit (Roll_Command: A_D_T.Roll_Commands_Radians) 
return A D~T.RolI_Commands_Radians 
renames RoIl_ErrorJLimi ter. Limi t; 

package Aileron_Command_Limiter is new 
Signil_Processing.Absolute Limiter_With_Flag 

(Signal Type *> A_D_T.Fin_Deflections_Radians, 
InitiaT_Absolute_Limit => A_D_T.Fin_Deflections_Radians (5.0)); 

function Aileron Command_Limit 
(FTn_Deflection: A D T.FinDeflectionsRadians) 

return A_D T.Fin_Deflections_Ra3ians 
renames AiIeron_Command_Limiter.Limi t; 

package Roll Commands_Filter is new 
Slgnal_Processing.Tustin_Lag_Filter 

(Signal_Type "■> A_D_T.Roll_Commands_Radians, ■ 
Coefficient_Type       -> A~D~T.RoH~Commands_Radians, 
Initial_Previous_Input_Signal 

«> Previous Roll_Command, 
InitialCoefficlentl   => A_D T.RoHCommandsRadians (0.9), 
Initial~Coefficient32   => A~D~T.RoH_Commands_Radians (0.1)); 

function Roll_Command_Filter 
(Roll_Commands : A_D_T.Roll_Commands_Radians) 

return A_D T.Roll Commands_Radians 
renames RoTl_Commands_Filter.Filter; 

package Rudder_Command_Limi ter is new 
Signal_Processing.Absolute_Liniiter_With_Flag 

(Signal Type «> A_D TTFin DeflectionsRadians, 
InitiaT_Absolute_Limit => A_D~T.Fin~Deflections_Radians (5.0)); 

function Rudder Command Limit 
(Fin_Defliction: A_D T.FinDeflectionsRadians) 

return A_D T.Fin_Deflections_Sa3ians 
renames Ru3der_Command_Limiter.Limi t; 

package yaw_Rates_Filter is new 
Signal_Processing.Tustin_Lag_Filter 

(SignalType => AD T.FeedbackRatesRadians, 
CoefficientType       => A~D~T.Feedback_Rates_Radians, 
Initial_Previous_Input_Signal 

=> Yaw Rate_Feedback, 
InitialCoefficlentl   => A D~T.Feedback_Rates_Radians (0.9), 
Initial_Coefficient_2   .> A~D_T.Feedback_Rates_Radians (0.1)); 

function Yaw Rate Filter 
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(Yaw_Rate : A DT.FeedbackRatesRadlans) 
return A D_T.Feedback_Rates RaHiins 
renames Yaw_Rates_Fil*ter.Filter; 

package Accelerations_Filter is new 
Signal Processing.Tustin_Lag_Fi1ter 

(Signal Type -> A D T.Acceleration_Feedbacks_FPS2, 
Coefficient_Type       -> A_D~T.Acceleration_Feedbacks_FPS2, 
Initial_Previous_Input_Signal~ 

■> Heasured Acceleration_Feedback, 
Initial Coefficient^   -> A_D T.Acceleration Feedbacks FPS2 (0.9), 
Initial_Coefficient_2   -> A_D~T.Acceleration~Feedbacks~FPS2 (0.1)); 

function Acceleration_Filter 
(Lateral Accelerations: A_D_T.Acceleration_Feedbacks_FPS2) 

return A_D_T.AcceTeration_Feedbacks_FPS2 
renames Accelerations_Filter.Filter7 

package Lat_Dir_Autopilot is new 
Autopilot.Lateral_Directional_Autopilot 

(Roll_Commands •> A D_T.Roll Commands Radians, 
Roll_Attitudes »> A~D_T.MissTle_Attitüdes_Radians, 
Roll Command Gains        ■> A_D_T.Gain In~Radians, ~ 
MissTleAcceleratlons     -> A_D_T.AcceTerätlon_Feedbacks_FPS2, 
AcceleritionGains        ■> AD T.FPS2 To Radians Gain, 
Rudder_Cmd_Röll_Rate_Gains -> A_D~T.FeedBacIcRatesKadians, 
Gravititional Accelerations •> BDT.GEES, 
Velocities  ~ -> BDT.Feet_Per Second, ^> 
Trig Value «> BDT.Trig.Sin"Cos_Ratio, Sg0 
Fin Deflections »> A_D_T.Fin DeTlections Radians, 
Fee3back_Rates ■> A_D_T.Fee3back_Rates_Radians, 
Feedback_Rate_Gains       ■> A_D_T.RPS_To_Rädians~Gain, 

Initial_Aileron_Integrator_Gain 
~ »> Aileron_Integrator_Gain, 

lnitial_Aileron_Integrator_Limit 
■> Aileron_Integrator_Limit, 

Initial_Roll_Command_Proportional Gain 
■> AiIeron_Proportional_Gain, 

Initial_Roll_Rate_Gain_For_Aileron 
■> Aileron_Command_Roll_Rate_Gain, 

Initial_Yaw_Rate_Gain_For_Aileron 
■> Aileron_Command_Roll_Rate_Gain, 

Initial_Rudder_Integrator_Gain _   ~   _ 
■> Rudder_Integrator_Gain, 

Ini tial_Rudder_Integrator_Limi t 
=> Rudder_Integrator_Limit, 

Ini tial_yaw_Rate_Gain_For_Rudder 
«> Yaw_Rate_Gain, 

Ini tial_Roll_Rate_Gain_For_Rudder 
~ => RuddGr_Roll_Rate_Gain, 

Initial_Acceleration_Proportional Gain 
*>  Ru3der Propertional_Gain 

— all overloaded operators default 
); 

Aileron_Command        : A_Djr.Fin_Deflections_Radians; 
Rudder Command : A D^T.Fin Deflections Radians; 
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Grav_Acceleratlon 
Roll_Command 
Roll_Attitude 
Roll Rate 
Yaw_Eate 
Velocity 
Lat Acceleration 

A_D_T.Accelerat i on_Feedbacks_FPS2; 
A~D-T.Roll Commands_Radians;- 

A^D"!.Missile Attitudes Radians; 
AJ)~T. FeedbacIc_Rates_Ra<Iians; 
A~D-T.Feedback_Rates Radians; 
B~D~T.Feet Per_Secon3; 
A~D~T.Acceleration Feedbacks PPS2; 

Aileron_Rudder_Commands : Lat_Dir_Autopilot.Aileron_Rudder_Commands; 

begin 

— obtain Normal_Acceleration_Command 
— obtain Acceleration_ and Pitch_Rate_Feedbacks 

Lat_Dir_Autopilot. Initialize LateralDirectionalAutopilot 
(Ini t ialAi leronCommanS => Aileron_Command, 
Ini t ial_Ruddar_Command => Rudder Command, 
Gravitational_Äcceleration -> Grav_Acceleration, 
Roll Command «> Roll Command, 
Roll Attitude -> Roll"Attitude, 
Roll Rate => Roll Rate, 
Yav Sate => Yaw Rate, 
Missile_Velocity -> Velocity, 
Lateral Acceleration m>  Lat Acceleration); 

Aileron Rudder_Commands :• 
(RolI_Command 

RollAttitude 
Roll_Rate 

Yaw_Rate 
Lateral Acceleration 
Missile~Velocity 
Gravitational_Acceleration 

end USER; 

Lat_Dir_Autopilot.Compute_Aileron_Rudder_Commands 
=> Roll Command, 

~ «> RollAttitude, 
«> Roll Rate, 
-> Yaw~Rate, 
•> Lat~Acceleration, 
»> Velocity, 
-> Grav Acceleration); 

3.6.6.2.9.3.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.6.2.9.3.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

# 
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Name Type Description 

InitializeLateralDirect- 
ional Autopilot 

Compu te_Aileron_Rudder 
Commands 

Update_Alleron_Integrator 
Gain" 

Update Aileron Integrator 
Limit 

Update_Roll_Command_ 
Proportional_Gain 

Update_Roll_Rate_Gain_ 
For_Äilerön 

Update_Rudder_Integrator_ 
Gain 

Update_Rudder_Integrator 
Limit 

UpdateFeedbackRateGain 
ForRudder 

UpdateRoleRateGain For 
Rudder 

Update_Acceleration_ 
Proportional Gain 

Procedure 

Function 

Procedure 

Procedure 

Procedure 

Procedure 

Procedure 

Procedure 

Procedure 

Procedure 

Procedure 

Sets initial states of later- 
al directional autopilot by 
initializing integrator 
states of roll command 
and lateral acceleration 

Accepts roll command, and 
measured values for roll 
rate, roll attitude, yaw 
rate, and lateral acceler- 
ation and uses integrator 
states to calculate fin 
deflections for rudder and 
aileron 

Changes value stored for gain 
on roll command to aileron 
integrator 

Changes value stored for 
limit to integrator output 

Changes value stored for pro- 
portional gain in integral 
plus proportional gain loop 

Changes value stored for 
gain to measured roll rate 
for aileron control 

Changes value stored for gain 
to lateral acceleration 
value in Integrator loop 

Changes value stored for 
limit to rudder integrator 
output 

Changes value stored for 
gain to measure yav rate in 
rudder control loop 

Changes value stored for gain 
to measured roll rate for 
rudder control loop 

Changes value stored for gain 
in proportional loop 

3.6.6.2.9.3.8 PART DESIGN 

None. 
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package Autopilot is 
pragaa PAGE; 
generic 

type InputSignals     is digits <>; 
type Gains' is digits <>; 
type Integrated Signals is digits <>; 
Inltial_ProportTonal_Gain: in Gains; 
vith function "*" (Left : InputSignals; 

Right : Gains) return Integrated^Signals is <>; 
vith function Tustin_Integrate (Signal: in Input_Signals) 

return Integrated_Signals is <>; 
package Integral_Plus_Proportional_Gain is 

function Integrate (Signal: Input_Signals) return Integrated_Signals; 

procedure Update_Proportional_Gain (Nev_Proportional_Gain : in Gains); 

end Integral_Plus_Proprotional_Galn; 

pragma PAGE; 
— —Pilch Autopilot Package 

generic 

type Normal_Acceleration_Coinmands is digits <>; 
type Accelerations    ~ is digits <>; 
type Acceleration_Command_Galns is digits <>; 
type Acceleration_Gains is digits <>; 
type PitchRates is digits <>; 
type Pitch_Rate_Gains is digits <>; 
type Fin_Deflections is digits <>; 

-Initial values for pitch control loop 

Initial_Integrator_Gain  : in Acceleration_Coininand_Gains; 
Initial~Integrator_Liinlt : in Fin_Deflections; 
Initial Acceleration Gain :, in Acceleration_Gains; 
Initial~Pitch_Rate_Gäin  : in PitchRateGains; 
Initial~Proportionäl_Gain : in Acceleratiön_Command_Gains; 

— Pitch control loop limiter 

with function Limit (Elevator_Command : Fin_Deflections) 
return Fin_Deflections is <>; 

— Pitch control loop filters 

with function Acceleration Filter (NormalAcceleration : Accelerations) 
return Accelerations Is <>; 

with function PitchRate Filter (PitchRate : in PitchRates) 
return PitchRates Is <>; 

— Gain and updater operations 

with function "*" (Left : Normal_Acceleration Commands; 
Right : Acceleration CommanH Gains) 
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return Fin_Deflections is <>; 

vith function "*" (Left : Accelerations; 
Right : Acceleratlon_Galns) 

return Fin_Deflections is <>; 

vith function "+" (Left : Normal_Acceleration_Commands; 
Right : Accelerations) 

return Normal_Acceleration_Commands is <>; 

vith function "-" (Left : Normal_Acceleratlon_Commands; 
Right : Accelerations) 

return Normal_Acceleration_Commands is <>; 

vith function "*" (Left : Pitch Rates; 
Right : Pltch~Rate_Gains) 

return Fin_Deflections is <>; 

package Pitch_Autopilot is 

procedure Initialize Pitch_Autopilot 
(Normal_AcceTeratiön_Command ; in Normal_Acceleration_Commands; 
Measured_Normal_Acceleration : in Accelerations; 
Measured PitchRate : in Pitch^Rates; 
InltialElevatorConunand : in FinDef lections); 

function Compute_Elevator_Command 
(Normal Acceleration Command : in Normal Acceleration Commands; J* 

Measurid_Normal Acceleration : in Accelerations; ^ 
Measured PitchKate       : in Pitch_Rates) 

return FinDellectiöns; 

procedure UpdatePitchRateGain (NewGain: in PitchRateGains); 

procedure Update_Acceleratlon_Galn (Nev_Gain: in Acceleration_Gains); 

procedure Update_Integrator_Gain 
(New_Gain: in Acceleration_Command_Gains); 

procedure Update_Integrator_Limit (Nev_Limit: in Fin_Deflections); 

procedure Update_Proportional Gain 
(Nev_ProportionaI_Gain : in Acceleration_Command_Gains); 

end Pitch_Autopilot; 

—Lmeral/Directional Autopilot Package 

generic 

— types for Aileron Loop 

type RollCommands is digits <>; 
type Roll_Attitudes is digits <>; 
type Roll Command Gains       is digits <>; 

pragma PAGE; 
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-- types for Rudder Loop 

type Hisslle_Accelerations 
type Accelerition_Galns 
type Rudder_Cmd_Röll_Rate_Gains 
type Gravltational_Accelerations 
type Velocities 
type Trig_Value 

— types for both loops 

type Fin Deflections 
type Fee3back_Rates 
type Feedback~Rate_Gains 

— Initial values for aeliron control loop 

is digits <>; 
is digits <>; 
is digits <>; 
is digits <>; 
is digits <>; 
is digits <>; 

is digits <>; 
is digits <>; 
is digits <>; 

Initial_Aileron_Integrator_Gain 
Initial_Aileron_Integrator~Limit 
Initial~Roll_Command Proportional Gain 
Ini tialRoll RateGaTnForAileron 
Initial2Yaw_Rate_Gain_For_Aileron 

—Initial values for rudder control loop 

Initial_Rudder_Integrator_Gain 
InitialRudderlntegratorLimit 
Initlal~Yaw Rate_Gain_For~Rudder 
Initial'RolI Rate GainForRudder 
Initial~AcceTeratTon_Proportional_Gain 

—Aileron control loop limiters and filter 

in Roll Command_Gains; 
in Fin Deflections; 
in Roll Command_Gains; 
in FeedBack_Rate_Gains; 
in Feedback Rate~6ains; 

in Acceleration_Gains; 
in Fin Deflections; 
in Fee3back_Rate Gains; 
in Rudder_Cmd_RoIl Rate_Gains; 
in Acceleration Gains; 

with function Roll_Error Limit (Roll_Command 
return Roll Comman3s is <>; 

Roll Commands) 

vith function Aileron_Command Limit (Fin_Deflection: Fin_Deflections) 
return FinDefleetions Is <>; 

vith function Roll_Command_Filter (Roll_Coramand: Roll_Commands) 
return Roll Commands is <>; 

—Rudder control loop limiters, filters, and trig function 

vith function Rudder CoimnandJLimit (Fin_Deflection: Fin_Deflections) 
return Fin_DefIections-is <>; 

vith function Yaw Rate_Filter (YawRate: FeedbackRates) 
return FeedBack_Rates is <>;" 

vith function Acceleration_Filter (Lateral_Acceleration: Missile_Accelerations) 
return Missile_Accelerations is <>; 

vith function Sin (Angle: RollAttitudes) return Trig_Value is <>; 

—Aileron control loop gain and updater functions 
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vith function "-" (Left : Roll Commands; 
Right : Roll~Attitudes) 

return Roll_Commands is <>; 

with function "*'' (Left : RollCommands; 
Right : Roll_Command_Gains) 

return Fin_Deflections is <>; 

with function "*" (Left : FeedbackRates; 
Right : Feedback~Rate_Gains) 

return Fin Deflections is <>; 

— Rudder control loop gain and updater functions 

with function "*"  (Left    : MissileAccelerations; 
Right  : Acceleration_Gains) 

return Fin_Deflections is <>; 

with function n*n  (Left    :  FeedbackRates; 
Right  : RudderCmdRollRateGains) 

return Feedback_Rates is <>; 

with function "*"  (Left    : GravitationalAccelerations; 
Right  :  in TrigValue) 

return 6ravitational_Accelerations ls<>; 

with function V (Left    : Gravitational Accelerations; 
Right  : Velocities) 

return Feedback Rates is <>; 

package Lateral_Directional_Autopilot is 

type Aileron_Rudder_Commands is record 
Aileron_Command : Fin_Deflections; 
Rudder_Command    : Fin_Deflections; 

end record; 

procedure Initialize Lateral_Directional_ 
(InitiaT_Aileron_Command 
Ini tial_Rudder_Command 
GravitaTional_Äcceleration 
Roll Command 
Roll~Attltude 
Roll_Rate 
YawRate 
MissileVelocity 
Lateral~Acceleration 

C 

Autopilot 
in Fin_Deflections; 
in Fin_Deflections; 
in Gravitational_Accelerations; 
in Roll_CommandsT 
in Roll Attitudes; 
in FeedBack_Rates; 
in Feedback_Rates; 
in Velocities; 
in Missile Accelerations); 

function Compute Aileron Rudder_Commands 
(RolT_Comman3 
Roll_Attitude 
Roll_Rate 
Yaw_Rate 
Lateral_Acceleration 
Missile_Velocity 
Gravi taTional_Accelerat ion 

return Aileron Rudder Commands; 

in Roll_Commands; 
in Roll Attitudes; 
in FeedEack_Rates; 
in Feedback~Rates; 
in Missile Accelerations; 
in Velocities; 
in Gravitational Accelerations) 
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procedure Update_Aileron_lntegrator_Gain 
(New_Gain :_in Roll_Command_Gains); 

procedure Update_Aileron_Integrator Limit 
(New_Limit T in Fin_DeTlections); 

procedure Update_Roll_Command_Proportional_Gain 
(New_Gain : in Roll_Command_Gains); 

procedure Update_Roll_Rate_Gain For Aileron 
(Nev_Gain : in Fee3baclc_Rate_Gains); 

procedure Update_Yaw_Rate_Gain_For_Aileron 
(New_Gain : in Feedback_Rate_Gains); 

procedure Update_Rudder_Integrator_Gain 
(New_Gain T in Acceleration_Gains); 

procedure Update_Rudder Integrator Limit 
(New_Limit~: in Fin_Deflections); 

procedure Update_Feedback Rate_Galn For_Rudder 
(New_Gain : In Feedback_Rate_Gains); 

procedure Update_Roll_Rate_Gain ForRudder 
(New_Gain :  in Rud3er_Cmd_Roll_Rate_Gains); 

procedure Update_Acceleration_Proportional_Gain 
(New_Gain ;  in Acceleration_Giins); 

end Lateral_Directional_Autopilot; 

end Autopilot; 

m 
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3.6.7    NON-GUIDANCE CONTROL 

• 

m 
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3.6.7.1 AIR_DATA (PACKAGE SPECIFICATION) TLCSC (CATALOG #P309-0) 

This TLCSC contains parts which can be used to monitor air conditions. 

3.6.7.1.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 
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|         Name Requ irements Allocation | 

| Compute_Outside_Air_Temperature 
| Compute_Pressure_Ratio 
| Compute_Mach 
| Compute_Dynamic Pressure 
j Corapute_Speed_OT_Sound 
| Barometric_Altitüde_Integration 

R228          | 
R229          | 
R230          | 
R231          j 
R232          j 
R233          | 

3.6.7.1.2 INPUT/OUTPUT 

None. 

0k       3.6.7.1.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.7.1.4 LOCAL ENTITIES 

None. 

3.6.7.1.5 INTERRUPTS 

None. 

3.6.7.1.6 TIMING AND SEQUENCING 

None. 

3.6.7.1.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.7.1.8 DECOMPOSITION 

The following table describes the decomposition of this part; 
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Name I Type  | 

Compute_Outside_Air_ 
Temperature 

generic 
function 

Compute_Pressure_Ratio generic 
function 

Compute_Mach generic 
function 

Compute_Dynamic_Pressure generic 
function 

Compu t e_Speed_0 f _Sound generic 
function 

Barometric Altitude 
Integration 

generic 
package 

Description 

Computes air temperature outside a 
missile 

Computes pressure ratio from 
a collection of pressures 

Computes missile mach (velocity) 
given pressure ratio 

Computes dynamic pressure from 
mach # & free stream static pressre 

Computes speed of sound given the 
temperature of the air 

Computes barometric altitude by 
integration of the atmospheric 
equation of state 

3.6.7.1.9 PART DESIGN 

3.6.7.1.9.1 AIR DATA.COMPUTE OUTSIDE_AIR TEMPERATURE (FUNCTION SPECIFICATION) 
(CATALOG #P310-0) 

This unit is a generic function which computes air temperature outside of a 
missile. 

3.6.7.1.9.1.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP Requirement R228 

3.6.7.1.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part; 
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Name 

Temperatures 

Mach_Numbers 

Real 

Type  |       Description 

Describes air temperatures floating 
point type 

floating 
point type 

floating 
point type 

Describes air speed as a ratio of the 
speed of sound 

General floating point type 

Data objects: 

The following table describes the generic formal objects required by this part: 

|  Name       | Type | Value |      Description | 

|Recovery_Factor | Real  | N/A   | Constant for computing Air Tempi 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description 

|function    | Multiplies a Real by a Mach Number, yielding 
I a Mach Number 

i I 
function | Divides a Temperature by a Mach Number, 

| yielding a Temperature 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

j Name Type Mode Description        | 

|Total_ 
|Temperature 

Temperatures in Air temperature measured by the j 
air data instruments         j 

jMach Mach_Numbers in Missile airspeed as a fraction j 
of the speed of sound         j 

Kreturned value> Temperatures out Temperature of the air outside j 
of the missile             j 
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3.6.7.1.9.1.3 INTERRUPTS 

None. 

3.6.7.1.9.1.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with AirData, BasicDataTypes; 
procedure Test is 

package BDT renames Basic_Data_Types; 
subtype MachNumbers is FLOAT; 
subtype Real      is FLOAT; 

function Outside_Air_Temp is new Air_Data.Compute_Outside_Air_Temperature 
(Temperatures   -> BDT.DegreesKelvin, 
Mach Numbers   ■> Mach Numbers, 
Real"        -> RealT 
Recovery_Factor -> 0.7); 

TotalJTemp : BDT.DegreesKelvin; 
Mach ~    : Mach_Numbers; 

begin 
Outside Temp :• Outside AirTemp (TotalJTemp, Mach); 

end Test; ~ /"> 
TBS 

3.6.7.1.9.1.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.7.1.9.1.6 DECOMPOSITION 

None. 

3.6.7.1.9.2 AIR DATA.COMPUTE PRESSURE RATIO (FUNCTION SPECIFICATION) (CATALOG 
#P311-0T 

This unit is a generic function which computes pressure ratio from measured 
static pressure, measured impact pressure, and free stream static pressure. 

3.6.7.1.9.2.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP requirement R229 

* 

3.6.7.1.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 
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Data types: 

The following table describes the generic formal types required by this part: 

Name      |    Type |       Description 

Pressures   I floating | Describes pressure (i.e. weight per 
point type j unit of area) 

Ratios      j floating j A unitless floating point type descri- 
point type j ing ratio of one pressure to another 

Subprograms: 

The following table de«  bes the generic formal subroutines required by this 
part: 

| Name  j Type   | Description I 
|"/" [function    | Divides a Pressure by a Pressure, yielding a    | 
I I I ratio I 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode Description 

|Measured_Static_ 
| Pressure 

Pressures in Static pressure measured by the 
air data system 

|Impact_Pressure Pressures in Measured difference between totl 
pressure and static pressure 

Free Stream_ 
StatTc_Pressure 

Pressures in Measured static pressure which 
has been corrected for errors 

<returned value> Ratios out Unitless quantity computed from 
static and impact pressure 

3.6.7.1.9.2.3    INTERRUPTS 

None. 

3.6.7.1.9.2.4    TIMING AND SEQUENCING 

WfH^     The following shows a sample usage of this part: 

with Air Data, Basic Data Types; 
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procedure Test is *** 

package BDT renames Basic_Data_Types; 
subtype Ratios is FLOAT; 

function Pressure_Ratio is new Air_Data.Compute_Pressure_Ratio 
(Pressures ■> BDT.Kgs_Per_Meter_Squaredf 
Ratios   -> Ratios)? 

Measured_Static_Pressure : BDT.KgsPerMeterSquared; 
Impact_Pressure- : BDT.Kgs_Per_Meter_Squared; 
Free_Static_Pressure : BDT.Kgs~Per_Meter_Squared; 
Ratio : Ratios;- 

begin 
Ratio :<- Pressure_Ratio (Neasured_Static_Pressure, 

-     Impact_Pressure7 
Free_Static_Pressure); 

end Test; 

3.6.7.1.9.2.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.7.1.9.2.6 DECOMPOSITION 

None. 

3.6.7.1.9.3 AIR_DATA.COMPUTE_MACH (FUNCTION SPECIFICATION) (CATALOG #P312-0) 

This unit is a generic function which computes missile mach given pressure 
ratio. 

3.6.7.1.9.3.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP requirement R230. 

3.6.7.1.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Q 
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Name 

Mach_Numbers 

Ratios 

Type  | 

floating 
point type 

floating 
point type 

Description 

Describes air speed as a ratio of the 
speed of sound 

A unitless floating point type descri-j 
ing ratio of one pressure to another 

Data objects: 

The following table describes the generic formal objects required by this part: 

Name 

CO 

Cl 

C2 

Type 

Ratios 

Ratios 

Ratios 

Value |      Description 

|First curve fit parameter 

I 
|Second curve fit parameter 

I 
|Third curve fit parameter 

I 

Subprograms: 

The following table describes the .generic formal subroutines required by this 
part: 

| Name 

|Sqrt 

Type Description 

{function | Computes the square root of Ratio, yielding a | 
j        I Mach Number | 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name 
.1. 

Type Mode Description 

Pressure Ratio  Ratios 

! 
<returned value>|Mach Numbers 

in 

out 

Unitless quantity computed from 
static and impact pressures 

Missile airspeed as a fraction 
of the speed of sound 

3.6.7.1.9.3.3 INTERRUPTS 

None. 
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3.6.7.1.9.3.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with AirData; 
procedure Test is 

subtype Ratios is FLOAT; 
subtype Mach_Numbers is FLOAT; 

function Computed_Mach is new Air_Data.Compute_Mach 
(Ratios     -> Ratios, 
Mach Numbers => Mach Numbers, 
CO -> 0.1, 
Cl -> 0.2, 
C2 -> 0.3); 

Pressure_Ratio : Ratios; 
Mach : Mach_Numbers; 

begin 
Mach :■ Computed_Mach (Pressure_Ratio); 

end Test; 

3.6.7.1.9.3.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. -* 

3.6.7.1.9.3.6 DECOMPOSITION 

None. 

3.6.7.1.9.4 AIR DATA.COMPUTE DYNAMIC PRESSURE (FUNCTION SPECIFICATION) (CATALOG 
#P313-0T 

This unit is a generic function which computes dynamic pressure from missile 
mach number and free stream static pressure. 

3.6.7.1.9.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP Requirement R231. 

3.6.7.1.9.4.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name 

Pressures 

Mach Numbers 

Type |       Description 

floating | Describes pressure (i.e. weight per 
point type j unit of area) 

floating | Describes air speed as a ratio of the 
point type j speed of sound 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type   | Description 

|"*"    |function  | Multiplies a Pressure by a Mach Number, 
j      j        j yielding a Pressure 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode Description 

Free Stream_ 
StatTc_Presiure 

Pressures in Measured static pressure which 
has been corrected for errors 

|Mach MachJJumbers in Missile airspeed as a fraction j 
of the speed of sound 

<returned value> Pressures out Missile dynamic pressure      j 

3.6.7.1.9.4.3 INTERRUPTS 

None. 

# 

3.6.7.1.9.4.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with AirData, Basic_Data_Types; 
procedure Test is 

package BDI renames Basic_Data_Types; 
subtype Mach_Numbers is FLOAT; 

function Dynamic_Pressure is new Air_Data.Compute_Dynamic_Pressure 
(Pressures   => BDT.KgsPerMeterSquared, 
Mach Numbers => Mach Numbers); 



CAMP Software Top Level Design Document 

Free_Streain_Statlc_Pressure : BDT.Kgs_Per_Meter_Squared; 
Pressure : BDT.Kgs_Per~Meter_Squared5 
Hach : Mach_Numbers; 

begin 
Pressure :• Dynamic Pressure (Free Stream Static Pressure! 

Mach); 
end Test; 

3.6.7.1.9.4.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.7.1.9.4.6 DECOMPOSITION 

None. 
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3.6.7.1.9.5 AIR DATA.COMPUTE SPEED OF SOUND (FUNCTION SPECIFICATION) (CATALOG 
#P314-0T 

This unit is a generic funciton which computes the speed of sound given the 
temperature of the air. 

3.6.7.1.9.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R232. 

3.6.7.1.9.5.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name 

Temperatures 

Velocities 

Type 

floating 
point type 

floating 
point type 

|       Description 

Describes air temperatures 

Describes air speed 

Data objects: 

The following table describes the generic formal objects required by this part: 
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|  Name 1   Type | Value |      Description          | 

|Speed_0f_ 
j Sound" 
jConstant 

jVelocitles 

1 
1 

| N/A   |Standard speed of sound at     | 
|      |sea level 

1      1                         1 

Subprograms: 
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The following table describes the generic formal subroutines required by this 
part: 

Name Type 

I"*" |function 
I 
I 

|Sqrt        |function 
I 

Description 

Multiplies a Velocity by a Temperature, 
yielding a Velocity 

Computes the square root of a Temperature, 
yielding a Temperature 

a 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name I   Type 
I- I- 

|Air Temperature |Temperatures 
I     " ! 
|<returned value>I Velocities 

Node Description 

in jTemperature of the air 
I 

oui |Speed of sound in air 

3.6.7.1.9.5.3 INTERRUPTS 

None. 

# 

3.6.7.1.9.5.4    TIMING AND SEQUENCING 

The following shows a sample usage of  this part: 

with Air_Data,  Basic_Data_Types, WGS72_Metric_Data; 
procedure Test is 

package BDT renames Basic_Data_Types; 

function Speed_0f_Sound is new Air_Data.Compute_Speed_Of_Sound 
(Temperatures => BDT.Degrees_Kelvin, 
Velocities => BDT.Meter<3_Per_Second, 
Speed_Of_Sound_Constant => 630.0); 

Air_Temperature  :  Temperatures; 
Speed : Velocities; 
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begin 
Speed i- Speed_Of_Sound (AirJTemperature «> AirJTemperature); 

end Test; 

€ 

3.6.7.1.9.5.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.7.1.9.5.6 DECOMPOSITION 

None. 

3.6.7.1.9.6 AIR DATA.COMPUTE_BAROMETRIC ALTITUDE (PACKAGE SPECIFICATION) (CATALOG 
#P315-0y 

This unit is a generic function which computes barometric altitude by 
integration of the atmospheric equation of state. 

3.6.7.1.9.6.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP requirement R233. 

3.6.7.1.9.6.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

C 

Name 

Temperatures 

Pressures 

Distances 

Molar Gas 
Constants" 

I    Type  | 

floating 
point type 

floating 
point type 

floating 
point type 

floating 
point type 

Description 

Describes air temperatures 

Describes pressure (i.e. weight per 
unit of area) 

Describes translational distances 
(e.g., Feet, Meters) 

Describes the type of the Gas Constant 
needed 

Data objects: 

The following table describes the generic formal objects required by this part: € 
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|  Name 

|Gas_Constant 

Type Value Description 

iMaximum_ 
IPressure_ 
I Change 
I 
|Intial Baro 
I Altitude 

Molar_Gas_  | N/Ä   |Constant which describes a 
Constants  j      jstandard gas constant 

I Pressures  I N/A   jMaximum reasonable change 
jexpected in free stream static 
{pressure between two measurement 

JDistances  | N/A   JBarometric Altitude at the start 
jof integration 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name 

11*11 

Type        |    Description 

I function    |  Multiplies the Gas Constant by a Pressure 
yielding a Distance 

ifunction    j Divides a Temperature by a Pressure, 
yielding a Pressure 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode Description        j 

|Outside_Air_ 
jTemperature 

Temperatures in Temperature of the air outside 
the missile                j 

|Free Stream_ 
|StatTc_Pressure 

Pressures in Measured static pressure 
corrected for errors          j 

<returned value> Distances out Altitude in feet based on the  j 
barometric pressure of the     j 
atmosphere                  | 

3.6.7.1.9.6.3    LOCAL ENTITIES 

None. 



CAMP Software Top Level Design Document Page 404 

3.6.7.1.9.6.4 INTERRUPTS 

None. 

3.6.7.1.9.6.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with AirData, BasicDataTypes; 
procedure Test is 

package BDT renames Basic_Data_Types; 

function Baro_Altitude is new Air_Data.Barometric_Altitude_Integratlon 
(Temperatures ■> BDT.DegreesJCelvin, 
Pressures => BDT.Kgs_Per_Meter_Squared, 
Distances => BDT.Meters," 
Molar_Gas_Constants => Gas Constants, 
Gas Constant => 0.0?563, 
MaxTmum_Pressure Change => 0.9765, 
Initial_Baro_AltTtude      -> 1500.0); 

Air_Temperature : BDT.DegreesJCelvin; 
Static Pressure : BDT.Kgs Per Meter Squared; 
Altitude : BDT.Meters;- 

begin 
Altitude :- Baro_Altitude (Outside_Air_Teniperature -> Air_Temperature, f* 

Free_Stream~Static_Pressure -> Static_Pressure); T:3:' 
end Test; 

3.6.7.1.9.6.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.7.1.9.6.7 DECOMPOSITION 

The following table describes the decomposition of this part: 
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|       Name | Type |       Description 

| Compute_Barometric_ |generic | Computes barometric altitude by 
j  Altitude      ~ j package j integration of the atmospheric 
j j j equation of state 

3.6.7.1.9.6.8 PART DESIGN 

None. 
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package Air_Data_Parts is 

generic 
type Temperatures is digits <>; 
type Mach_Numbers is digits <>; 
type Real      is digits <>; 

Recovery_Factor : in Real; 

Vrr* 

with function "*" (Left 
Right 

Real; 
Mach_Numbers) 

return Mach_Numbers is <>; 
vith function "/" (Left : Temperatures; 

Right : Mach_Numbers) 
return Temperatures is <>; 

function Compute_Outside_Air_Temperature 
(Totäl_Temperature : Temperatures; 
Mach ~ : Mach_Numbers) 
return Temperatures; 

generic 
type Pressures is digits <>; 
type Ratios  is digits <>; 

vith function n/n (Left : Pressures; 
Right : Pressures) 
return Ratios is <>; 

function ComputePressureRatio 
(Meaiured_Static_Pressure   : Pressures; 
Impact_Pressure : Pressures; 
Pree_Stream_Static_Pressure : Pressures) 
return Ratios; 

pragma PAGE; 

pragma PAGE; 

generic 
type Ratios 
type Mach Numbers 

pragma PAGE; 

is digits <>; 
is digits <>; 

CO 
Cl 
C2 

in Ratios; 
in Ratios; 
in Ratios; 

vith function Sqrt (Source : Ratios) 
return Mach_Numbers is <>; 

function ComputeMach 
(Preisure_Ratio : Ratios) 
return Mach_Numbers; 

generic 
type Pressures   is digits <>; 
type Mach_Numbers is digits <>; 

vith function •'*" (Left : Pressures; 
Right ; Mach_Numbers) 
return Pressures is <>; 

pragma PAGE; 
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function Compute_Dynamic_Pressure 
(Pree_Stream_Statlc_Pressure : Pressures; 
Mach" : Mach_Nuinbers) 
return Pressures; 

pragma PAGE; 
generic 

type Temperatures is digits <>; 
type Velocities  is digits <>; 

Speed_Of_Sound_Constant : in Velocities; 

vith function "*" (Left ; Velocities; 
Right : Temperatures) 
return Velocities is <>; 

vith function Sqrt (Source : Temperatures) 
return Temperatures is <>; 

function Compute_Speed_Of_Sound 
(Air Temperature : Temperatures) 
return Velocities; 

generic 
type Temperatures is digits <>; 
type Pressures is digits <>; 
type Distances is digits <>; 
type Molar_Gas_Constants is digits <>;. 

Gas Constant : in Molar_Gas_Constants; 
HaxImum_Pressure_Change : in Pressures! 
Initial~Free_Stream_Pressure : in Pressures; 
InitialJTemperature" : in Temperatures; 
Initial_Baro_Altitude : in Distances; 

with function M*,, (Left : MolarGas Constants; 
Right ; Pressures! 
return Distances is <>; 

with function "/" (Left : Temperatures; 
Right : Pressures) 
return Pressures is <>; 

package Barometric_Altitude_Integration is 

function Compute_Barometric_Altitude 
(Outside_Air_Temperature    : Temperatures; 
Free_Stream_Static_Pressure : Pressures) 

return Distances; 

end Barometric_Altitude_Integration; 

end Air Data Parts; 

# 
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3.6.7.2    FUEL_CONTROL_PARTS TLCSC P672 (CATALOG #P1095-0) 

This TLCSC contains parts which can be used to maintain control over fuel in 
missile applications. 

3.6.7.2.1    REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

| Name |    Requirements Allocation  | 

| Throttle Command Manager | R23A | 

3.6.7.2.2 INPUT/OUTPUT 

None. 

3.6.7.2.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.7.2.4 LOCAL ENTITIES 

None. 

3.6.7.2.5 INTERRUPTS 

None. 

3.6.7.2.6 TIMING AND SEQUENCING 

None. 

3.6.7.2.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.7.2.8 DECOMPOSITION 

The following table describes the decomposition of this part; 
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Name 

Throttle Command Manager 

Type  | Description 

generic | Manages the throttle command 
package j missile 

«3 

3.6.7.2.9 PART DESIGN 

3.6.7.2.9.1 THROTTLE_COMMAND_MANAGER 

This LLCSC is a generic package which manages the throttle command. 

3.6.7.2.9.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP Requirement R234. 

3.6.7.2.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: The following table describes the generic formal types required by 
this part: 

Name I Type Description IS 

|Mach_Numbers 

I 
I 
|Mach_Number_ 
{Gains 

I 
|Throttle_ 
jCommands 

|floating (Represents missile speed as a 
point type (percentage of the speed of sound 

{floating (Represents a gain which converts from 
point type (Mach Number to Throttle Command 

floating (Represents a command to open/close 
point type (the throttle 

Data objects: The following table describes the generic formal objects 
required by this part: 

# 
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| Name 1 Type Mode Description          | 

|Initial_Mach_ 
jCommand 

Mach_ 
Numbers 

in Mach Number of missile at | 
startup                  j 

[Initial Mach_ 
|Error_LTmit 

Mach_ 
Numbers 

in Limit of Mach Error 

|Initial Mach_ 
jFeedback 

Mach_ 
Numbers 

in Mach Feedback from missile | 
at startup               | 

|Initial_Mach_ 
|Error_Gäin 

Mach_ 
Number Gain 

in Gain to convert from mach j 
error to raw throttle command j 

|Initial_Mach_ 
jError Integral 
JLimit" 

Throttle_ 
Commands 

in Limit for Mach Error Integral j 
at startup               | 

|Initial_Throttle_ 
|Command 

Throttle_ 
Commands 

in Throttle Command at startup  j 

|Initial_ThrottleT 
j Command_Rate_LimTt 

Throttle_ 
Commands 

in Limit on Throttle Command Ratej 
at startup               j 

|Initial_Lower_ 
jThrottle Command 
jLimit 

Throttle_ 
Commands 

in Lower Limit of Throttle j 
Command 

Hnitial_Upper_ 
jThrottle Command 
■Limit 

Throttle_ 1 
Commands 

in Upper Limit of Throttle | 
Command                  j 

|Initial_Throttle_ 
jBandwidth 

Throttle_ | 
Commands 

in | 3 db bandwidth of the throttle| 
command                  | 

Subprograms: The following table describes the generic formal subroutines 
required by this part: 

| Name  | Type | Description I 
{function Multiplies a Mach Number by a Mach_Number_Gain | 

yielding a Throttle Command j 

3.6.7.2.9.1.3 LOCAL ENTITIES 

Packages: 

The packages Integral Plus_Proportional_Gain, Tustin_Integrator_With_Limit, 
Tustin_Integrator_WitH_Asymmetric_Limit, and Absolute_Limiter are instantiated 
inside-the packagi body. 
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3.6.7.2.9.1.4 INTERRUPTS 

None. 

3.6.7.2.9.1.5 TIMING AND SEQUENCING 

None. 

3.6.7.2.9.1.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.7.2.9.1.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

|       Name | Type  | 

|Compute_Throttle_Command | function 

|Update_Mach_Error_Limit (procedure 

I Update_Mach_Error_ j procedure 
|Integral_Limit j 

Update_Throttle_Rate_Limit j procedure 

|Update_Throttle Command_ {procedure 
jLimits j 

|Update_Mach_Error_Gain j procedure 

[Update Throttle Bandwidth jprocedure 

Description 

Computes a new Throttle Command 

Updates the Mach Error Limit 

Updates the Mach Error Integral 
Limit 

Updates the Throttle Rate Limit 

Updates the Upper and Lower 
Throttle Command limits 

Updates the Mach Error Gain 

Updates the 3 db bandwidth which 
the throttle rate can lie inside 

3.6.7.2.9.1.8 PART DESIGN 

None. 
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package Fuel_Control_Parts is 

generic 
type MachJJumbers 
type Mach_Number_Gains 
type Throttle_Coimands 

pragma PAGE; 

is digits <>; 
is digits <>; 
is digits <>; 

Initial Mach_Command 
Initial~Mach Error Limit 
Initial~Mach~Peedback 
Initial~Mach_Error_Gain 
Initial~Mach_Error~Integral_Liniit 
Initial_Throttle_Cömmand 
Initlal_Throttle_Command_Rate Limit 
Initial~Lower_Throttle_Comman3_Llmit 
Initial Upper_Throttle Command_Limit 
Initial~Throttle Bandwidth 

Mach_Numbers; 
Mach_Numbers; 
Mach_Numbers; 
Mach_Number_Gains; 
Throttle_Coinmands; 
Throt tle_Commands; 
Th ro 111e_Coramand s; 
Thro11le_Commands; 
Throttle_Commands; 
Throttle Commands; 

with function "*" (Left : MachNumbers; 
Right : Mach~Number_Gains) 
return ThrottleCommands is <>; 

package Throttle_Command_Manager is 

function Compute_Throttle_Command 
(Mach_Command : in MachNumbers; 
MachFeedback : in MachNumbers) 

return Throttle_Commands; 

procedure Update_Mach_Error Limit 
TNew_Limit ; in Mach_Numbers); 

procedure Update_Mach_Error Integral_Limit 
lNew_Limit : in Throttle_Commands); 

procedure Update_Throttle_Rate_Limit 
(New_Limit : in Throttle_Commands); 

procedure Update_Throttle_Comniand_Limits 
(New_Lower_Limit : in Throttle_Commands; 
Nev~Upper~Limit : in Throttle~Commands); 

procedure Update_Mach_Error Gain 
TNew_Gain : in Mach_Number_Gains); 

procedure Update_Throttle_Bandwidth 
(NewBandwidth : in Throttle_Commands); 

end Throttle_Command_Manager; 

end Fuel Control Parts; 
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3.6.8 MATHEMATICAL 

6 
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Vo 

$ 
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3.6.8.1 COORDINATE_VECTOR_MATRIX_ALGEBRA TLCSC (CATALOG #P45-0) 

This part consists of generic packages and functions which define and/or 
operate on coordinate vectors and matrices. A coordinate vector is a 
three-element array. A coordinate matrix is a 3 x 3 array. These arrays are 
dimensioned with scalar types defined by the user. 

WARNING: The units in this part ASSUME the axes types used to dimension the 
arrays have a length of 3. If they do not, the units will not function 
properly. No length checks are performed by the units. 

3.6.8.1.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

| Name Type | Requirements Allocation 

Vector_Operations 
Matrix_Operations 

Vector_Scalar_Operations 
Matrix Scalar_Operations 
Cross_Froduct~ 
Matrix Vector_Multiply 
Matrix~Matrix Multiply 

generic package 
generic package 

generic package 
generic package 
generic function 
generic function 
generic function 

R024, R050, R051, R052 
R070, R071, R060, R067, R072 
R078 

R054, R055 
R056, R057 
R053 
R049 
R068 

3.6.8.1.2 INPUT/OUTPUT 

None. 

3.6.8.1.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.8.1.4 LOCAL ENTITIES 

None. 

3.6.8.1.5 INTERRUPTS 

None. 

3.6.8.1.6    TIMING AND SEQUENCING 

None. 
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3.6.8.1.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.8.1.8 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name I Type Description 

Vector_Operations 

Matrix_Operations 

Vector_Scalar_ 
Operations 
Matrix_Scalar_ 
Operations 

Cross_Product 

Matrix Vector_ 
Multiply 

Matrix Matrix 
Multiply 

generic 
package 

generic 
package 

generic 
package 

generic 
package 

generic 
function 

generic 
function 

generic 
function 

Defines a vector type and provides general 
operations on that type 

Defines a matrix type and provides general 
operations on that type 

Provides operations to multiply and divide 
each element of a vector by a scalar 

Provides operations to multiply and divide 
each element of a matrix by a scalar 

Performs cross-product operations on two 
3-dimensional vectors 

Multiplies a 3 x 3 matrix by a 3 x 1 
vector, returning a 3 x 1 vector 
c(i) :- a(i,j) * b(j) 

Multiples two 3x3 matrices, 
returning the resultant matrix 
c(i,j) :- a(i,k) * b(k,j) 

^13 

3.6.8.1.9 PART DESIGN 

3.6.8.1.9.1 VECTOROPERATIONS (CATALOG #P46-0) 

Taking the generic formal parameters Elements and Axes, this package defines a 
vector as a one-dimensional array of these elements. It then defines 
operations on the vector. The operations provided are described in the 
decomposition section. 

3.6.8.1.9.1.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 
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Name Requirements Allocation 

Vector_Length 
Dot_Product 
Sparse_Right_Z_Add 
Sparse_Right~X_Add 
Sparse_Right_XY_Subtract 
Set to Zero Vector 

3.6.8.1.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type Description 

| Axes 
j Elements 
I 
| ElementsSquared 

scalar type 
floating 
point type 
floating 
point type 

Used to dimension the exported vector type 
Data type of elements in exported vector 

type 
Data type resulting from multiplying two 
objects of type Elements 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type   | Description 

"*»• 

Sqrt 

| function | Multiplication operator defining the operation: 
j        j Elements * Elements :■ Elements_Squared 
j function j Square root operator 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

Name Range Operators Description 

jMV   | Vectors | N/A    | See decomposition | One-dimensional array of Elements 
W   I       I       1 section        I 
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3.6.8.1.9.1.3 LOCAL ENTITIES W 

None. 

3.6.8.1.9.1.4 INTERRUPTS 

None. 

3.6.8.1.9.1.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Coordinate_Vector_Matrix_Algebra; 
• • • 

package CVMA renames Coordinate_Vector_Matrix_Algebra; 

type MyAxes is (x, y, z); 
type My_Elements       is new FLOAT; 
type My_Elements_Squared is new My_Elements5 
• • • 
function "*" (Left : MyElements; 

Right : My Elements) return My Elements Squared; 

function SqRt (Left : My_Elements_Squared) return My_Elements; 
• • • 
package VOpns is new 

CVMA.Vector_Operations 
(Axes *> My_Axes, 
Elements •> My_Elements, 
Elements_Squared «> My_Elements_Squared); 

use VOpns; 

Vectorl  : VOpns.Vectors; 
Vector2  : VOpns.Vectors; 
• • • 
begin 

* • • 
Vectorl :« Vectorl + Vector2; 

3.6.8.1.9.1.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.1.9.1.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

HSJ 

# 
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Name I Type 

function 

function 

function 

function 

function 

Description 

Dot Product 

Vector_Length 

Sparse Right Z Add 

SparseRightXAdd 

Sparse_Right_Xy_Subtract   j  function 

Set to Zero Vector function 

Adds two vectors of the same type 
returning a resultant vector 
c(i) :. a(i) + b (i) 

Subtracts two vectors of the same 
type returning a resultant vector 
c(i) := a(i) - b (i) 

Calculates the dot product of two 
vectors returning the result 
c :- a(i) * b(i) 

Computes the length of a vector 
returning the result 
c := Sqrt(sum of a(i)**2) 

Adds two vectors, assuming the third 
element of the second vector equals 
0 

Adds two vectors, assuming the first 
element of the second vector equals 
0 

Subtracts two vectors, assuming the 
first and second elements of second 
vector equals 0 

Sets all elements of a vector equal 
to 0 

The following table summarizes the allocation of catalog numbers to this part: 

| Name Catalog #  | 

| "+" P703-0   | 
I "-" P704-0   | 
j Vector Length P705-0   | 
j Dot Product P706-0  , | 
j Sparse Right Z Add P707-0   | 
j Sparse Right X Add P708-0   | 
j Sparse Right XY Subtract P709-0   | 
j Set to Zero Vector P710-0   | —   —      — 

3.6.8.1.9.1.8 PART DESIGN 

None. 

# 

3.6.8.1.9.2 MATRIX_OPERATIONS (CATALOG #P47-0) 

Taking the generic formal parameters Elements and Axes, this package defines a 
matrix as a two-dimensional array of these elements. It then defines 
operations on the matrix. The operations provided are shown in the 
decomposition section. 
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3.6.8.1.9.2.1    REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 
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Name 

"+" (matrices + matrices) 
"-" (matrices - matrices) 
"+n (matrices + elements) 
"-" (matrices - elements) 
Set_To_Identity_Matrix 
Set To Zero Matrix 

Requirement Allocation | 

R070 | 
R071 
R060 
R067 
R072 
R078 

3.6.8.1.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type |    Description 

|  Axes |  scalar type | Used to dimension exported matrix type 
j Elements  j  floating        j Data type of elements in exported matrix type 
j        j point type j 

^00 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

Name Range | Operators Description 

Matrices | N/A See decomposition | Two-dimensional array of Elements | 
section 

3.6.8.1.9.2.3 LOCAL ENTITIES 

None. 

3.6.8.1.9.2.4 INTERRUPTS 

None. 
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3.6.8.1.9.2.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Coordinate_Vector_Matrix_Algebra; 

package CVMA renames Coordinate_Vector_Matrix_Algebra; 
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type My_Axes 
type My_Elements 

is (x, y, z); 
is new FLOAT; 

package MOpns is nev 
CVMA.MatrixOperations 

(Axes => My_Axes, 
Elements => MyJBlements); 

use MOpns; 
• • • 
Matrixl : MOpns.Matrixs; 
Matrix2 : MOpns.Matrixs; 
• • ■ 

begin 
■ • • 

Matrixl  :> Matrixl + Matrix2; 

3.6.8.1.9.2.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.1.9.2.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name 

"+" (matrices + matrices) 

"-" (matrices - matrices) 

"+n (matrices + elements) 

Type   | Description 

function 

function 

function 

"-" (matrices - elements) j function 

Set_To_Identity_Matrix   | function 

Set To Zero Matrix      I function 

Adds two 3x3 matrices 
c(i,j) :x a(i,j) + b(i,j) 

Subtracts two 3x3 matrices 
c(i,j) :- a(i,j) - b(i,j) 

Adds a scalar value to each 
element of a 3x3 matrix 
c(i,j) := a(i,j) + b 
Subtracts a scalar value from 
each element of a 3x3 matrix 
c(i,j) :- a(i,j) - b 

Initializes a 3x3 matrix to an 
identity matrix 

Sets each element of a 3x3 matrix 
to zero 

# 

The following table summarizes the allocation of catalog numbers to this part: 
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Name Catalog # 

"+" (matrices + matrices)! 
"-" (matrices - matrices)) 
"+" (matrices + elements)' 
"-" (matrices - elements)! 
Set_to_Identity_Matrix | 
Set to Zero Matrix     | 

P711-0 
P712-0 
P713-0 
P714-0 
P715-0 
P716-0 

3.6.8.1.9.2.8 PART DESIGN 

None. 

3.6.8.1.9.3 VECTOR_SCALAR_OPERATIONS (CATALOG #P49-0) 

This package provides the functions to allow the user to multiply or divide 
each element of a vector by a scalar. In addition, a multiplication function 
is provided for a sparse vector. 

3.6.8.1.9.3.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

! Name Requirement Allocation 

! "*" ! R054 
j Sparse X Vector ScalarMultiply | R209 
I ,,/,,  " " j R055 

3.6.8.1.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name I Type Description 

Axes 
Elementsl 

Elements2 

Scalars 

scalar type 
floating 
point type 
floating 
point type 
floating 
point type 

Used to dimension imported vector types 
Type of elements on Vectorsl 

Type of elements on Vectors2 

Data type of scale factors 
$ 
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Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

|    Name    |    Type |    Description | 

|  "*"        |   function |  Multiplication operator used to define the operation:     | 
I I I    Elementsl * Scalars  := Elements2 j 
j  "/"        j  function j  Division operator used to define the operation: 
j j j    Elementsl / Scalars  := Elementsl j 

3.6.8.1.9.3.3 LOCAL ENTITIES 

None. 

3.6.8.1.9.3.4 INTERRUPTS 

None. 

3.6.8.1.9.3.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Coordinate_Vector_Matrix_Algebra; 
• • • 

package CVMA renames Coordinate_Vector_Matrix_Algebra; 

type MyAxes is (x, y, z); 
type My_Elementsl      is new FLOAT; 
type My_Elementsl_Squared is new My_Elementsl; 
type My_Elements2       is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My Scalars        is new FLOAT; 

function "*" (Left 
Right 

function "*" (Left 
Right 

My_Elementsl; 
My Elementsl) return My_Elementsl_Squared; 
My~Elements2; 
My_Elements2) return My_Elements2_Squared; 

function "*" (Left : My_Elementsl; 
Right : Scalars) return My_Elements2; 

function "/" (Left : My_Elements2; 
Right : Scilars) return My_Elementsl; 

• • • 
function SqRt (Left : My_Elementsl_Squared) return My_Elementsl; 
function SqRt (Left : My_Elements2_Squared) return My~Elements2; 
• • • 
package VOpnsl is new 

CVMA.Vector_Operations 
(Axes ■> My_Axes, 
Elements      => My Elementsl, 
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use VOpnsl; 
Elements_Squared «> My_Elementsl_Squared); € 

package V0pns2 is new 
CVMA.Vector_Operations 

(Axes => My_Axes, 
Elements       => My~Elements2, 
Elements_Squared => My_Elements2_Squared); 

use V0pns2; 

package VSOpns is new 
CVMA.Vector_Scalar_Operations 

(Axes     ■> My_Axes, 
Elements! => My~Elementsl, 
Elements2 «> My~Elenients2, 
Scalars  »> My~Scalars, 
Vectorsl «> VOpnsl.Vectors, 
Vectors2 ■> V0pns2.Vectors); 

use VSOpns; 

Temp   : My_Scalars; 
Vectorl : VOpnsl.Vectors; 
Vector2 : V0pns2.Vectors; 
• • • 
begin 

• • • 
Vector2 :■ Vectorl * Temp; 

3.6.8.1.9.3.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.1.9.3.7 DECOMPOSITION 

The following table describes the decomposition of this part; 

| Name Type   | Description 

••*" 

Sparse_X_Vector 
Scalar_ Multiply 

function | Multiplies each element of a 3x1 vector by 
a scalar value 
c(i) :- a(i) * b 

function | Multiplies each element of a 3x1 vector by 
a scalar value assuming the first element 
of the vector equals 0 

function | Divides each element of a 3x1 vector by a 
scalar value 
c(i) := a(i) / b 

The following table summarizes the allocation of catalog numbers to this part: 
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"v'?' 

Name Catalog # 

j Sparse X Vector_ 
j Scalar Multiply 
j V" 

| P717-0 
| P718-0 

I 
I P719-0 

3.6.8.1.9.3.8 PART DESIGN 

None. 

3.6.8.1.9.4 MATRIX_SCALAR_OPERATI0NS (CATALOG #P49-0) 

This package provides the functions to allow the user to multiply or divide 
each element of a matrix by a scalar. 

3.6.8.1.9.4.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

Name | Requirement Allocation 

R056 
R057 

3.6.8.1.9.4.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

# 

Name Type 

| Axes scalar type 
| Elementsi floating 

point type 
| Elements2 floating 

point type 
| Matricesl array 
| Matrices2 array 

Subprograms: 

Description 

Used to dimension incoming matrix types 
Type of elements in Matricesl 

Type of elements in Matrices2 

Two-dimensional array of Elementsl 
Two-dimensional array of Elements2 

I 
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Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description | 

j "/" 
I 

function | Multiplication operator used to define the operation:  j 
j Elementsl * Scalars := ElementsZ 

function j Division operator used to define the operation: 
j Elements2 / Scalars :■ Elementsl                 I 

3.6.8.1.9.4.3 LOCAL ENTITIES 

None. 

3.6.8.1.9.4.4 INTERRUPTS 

None. 

3.6.8.1.9.4.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Coordinate_Vector_Matrix_Algebra; 
• * • 

package CVMA renames Coordinate_Vector_Matrix_Algebra; 

type My_Axes is (x, y, z); 
type My_Elementsl is new FLOAT; 
type My~Elements2 is new FLOAT; 
type My~Scalars is new FLOAT; 
• • • 
function n*n  (Left : MyElementsl; 

Right : Scalars) return My Elements2; 
function "/" (Left : My_Elements2; 

Right : Scalars) return My_Elementsl; 
• • • 
package MOpnsl is new 

CVMA.MatrixOperations 
(Axes «> My_Axes, 
Elements       => My_Elementsl); 

use MOpnsl; 
• • « 
package M0pns2 is new 

CVMA.Matrix_0perations 
(Axes => My_Axes, 
Elements       => My~Elements2); 

use M0pns2; 
• • • 
package NSOpns is new 

CVMA.Matrix Scalar Operations 
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(Axes     ■> My_Axes, 
Elementsi -> My_Elementsl, 
Elements2 -> My_Elements2, 
Matricesl => MOpnsl.Matrices, 
Matrices2 «> M0pns2.Matrices); 

• • • 
Temp   : My_Scalars; 
Matrixl : MOpnsl.Matrices; 
Matrix2 : M0pns2.Matrices; 

begin 
• • • 
Matrix2 := Matrixl * Temp; 

3.6.8.1.9.4.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.1.9.4.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

(f 
Name Type 

function 

function 

Description 

Multiplies each element of a 3x3 matrix by a scalar 
value 
c(i,j)  :- a(i,j) * b 

Divides each element of a 3x3 matrix by a scalar value 
c(l,j)  :- a(i,j) / b 

The following table summarizes the allocation of catalog numbers to this part: 

Name 

3.6.8.1.9.4.8 PART DESIGN 

None. 

Catalog # | 
 1 
P720-0   | 
P721-0   I 

# 

3.6.8.1.9.5 CROSS_PRODUCT (CATALOG #P50-0) 

This generic function performs a cross product operation on two vectors, 
returning the resultant vector. The three vectors are each three-dimensional, 
coordinate vectors. None of the three need to contain the same type of 
elements. 
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3.6.8.1.9.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R053. 

3.6.8.1.9.5.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type | Description 

Axes 
Left_Elements 

Right_Elements 

Result_Elements 

Left_Vectors 
Right_Vectors 
Result Vectors 

scalar type 
floating 
point type 
floating 
point type 
floating 
point type 

array 
array 
array 

Used to dimension imported vector types 
Data type of elements in left input vector 

Data type of elements in right input vector{ 

Data type of elements in result vector 

Data type of left input vector 
Data type of right input vector 
Data type of result vector 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description | 

| "*"  , | function | Multiplication operator used to define the operation:  j 
I      j        j Left_Elements * Right_Elements :« Result_Elements    j 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type | Mode Description 

| Left 

I 
I Right 
I 

Left Vectors N/A 

Right Vectors j N/A 

I 

| Matrix to be used on the left side of 
j  the cross-product operation 
j Matrix to be used on the right side of 
j  the cross-product operation 
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3.6.8.1.9.5.3 INTERRUPTS 

None. 

3.6.8.1.9.5.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Coordinate_Vector_Matrix_Algebra; 
• • « 

package CVMA renames Coordinate_Vector_Matrix_Algebra; 

type MyAxes is (x, y, z); 
type My_Elementsl       is new FLOAT; 
type My_Elementsl_Squared is new My Elementsl; 
type My_Elements2       is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My~Elements3       is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 

function "*" (Left 
Right 

function "*" (Left 
Right 

function "*" (Left 
Right 

function "*,, (Left 
Right 

• • • 
function SqRt (Left 
function SqRt (Left 
function SqRt (Left 

My_Elementsl; 
My^Elementsl) return My_Elementsl_Squared; 
My_Elements2; 
My~Elements2) return My_Elements2_Squared; 
My~Elements3; 
My~Elements3) return My_Elements3_Squared; 

My_Elementsl; 
My~Elements2) return My_Elements3; 

MyElementslSquared) return MyElementsl; 
My_Elements2_Squared) return My_Elements2; 
My_Elements3~Squared) return My_Elements3; 

package VOpnsl is new 
CVMA.Vector_Operations 

(Axes => My_Axes, 
Elements       ■> My_Elementsl, 
Elements_Squared => My~Elementsl_Squared); 

use VOpnsl; 
• • • 
package V0pns2 is new 

CVMA.VectorOperations 
(Axes => My_Axes, 
Elements => My_Elenients2, 
Elements_Squared => My~Elenients2_Squared); 

use V0pns2; 
• • • 
package V0pns3 is new 

CVMA.Vector_Operations 
(Axes => My Axes, 
Elements       => My~Elements3, 
Elements_Squared => My~Elements3_Squared); 

use V0pns3; 

function Cross Product is new 
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CVMA.Cross_Product 
(Axes ■=> My_Axes, 
Left_Eleinents => My Elementsl, 
RighT_Elements -> My_Elements2, 
Result Elements => My_Elements3, 
Left Vectors => VOpnsl.Vectors, 
Right_Vectors => V0pns2.Vectors, 
Result_Vectors «> V0pns3.Vectors)5 
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$ 

Vectorl : VOpnsl.Vectors; 
Vector2 : V0pns2.Vectors; 
Vector3 : V0pns3.Vectors; 
• • • 
begin 

• • * 
Vectors :« Cross_Product(Vectorl, Vector2); 

3.6.8.1.9.5.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.1.9.5.6 DECOMPOSITION 

None. 

3.6.8.1.9.6 MATRIX_VECTOR_MULTIPLY (CATALOG #P51-0) 

This generic function allows the user to multiply a 3 x 3 matrix by a 3 x 1 
vector, returning the resultant 3x1 vector. Both the matrix and the vector 
contain elements in the x, y, and z axes of the Cartesian coordinate system. 

3.6.8.1.9.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R049. 

3.6.8.1.9.6.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name I  Type | Description 

Axes scalar type 

Input Vector Elements floating 
point type 

Output Vector Elements floating   j 
point type ] 

Matrix Elements floating 
point type j 

Input Vectors array     | 
Output Vectors array 
Matrices           | array      | 

Used to dimension incoming array 
types 

Data type of elements in input 
vector 

Data type of elements in output 
vector 

Data type of elements in input 
matrix 

Data type of input vector 
Data type of output vector 
Data type of input matrix 

€• 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description 

| function | Multiplication operator defining the operation: 
|        j Matrix_Elements * Input_Vector_Elements :- 
|        j   Output Vector Elements 

FORMAL PARAMETERS: 

The following chart describes this part's formal parameters: 

Name Type Mode Description 

| Matrix 
Vector 

Matrices    | In 
Input_Vectorsj In 

| Matrix to be used in calculations | 
I Vector to be used in calculations | 

3.6.8.1.9.6.3 INTERRUPTS 

None. 

# 

3.6.8.1.9.6.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Coordinate_Vector_Matrix_Algebra; 
• • • 

package CVMA renames Coordinate_Vector_Matrix_Algebra; 

type My_Axes is (x, y, z); 
type My_Elementsl       is new FLOAT; 
type My_Elementsl_Squared is new My_Elementsl; 
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type My_Elements2       Is new FLOAT; 
type My~Elements2_Squared is new My_Elements2; 
type My_Elements3       is new FLOAT; 
type My_Eleinents3_Squared is new My_Elements3; 
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function "*" (Left 
Right 

function ,,*" (Left 
Right 

function "*" (Left 
Right 

• • • 
function SqRt (Left 
function SqRt (Left 

My_Elements2; 
My_Elements2) return My_Elements2_Squared; 
My_Elenients3; 
My_Elements3) return My_Elements3_Squared; 

My_Elementsl; 
My_Elements2) return My_Elements3; 

My_Eleinents2_Squared) return My_Elements2; 
My_Elenients3_Squared) return My_Elements3; 

package HOpnsl is new 
CVMA.MatrixOperat ions 

(Axes "> My_Axes, 
Elements       => My_Elementsl); 

use HOpnsl; 
• • • 
package VOpns2 is new 

CVMA. Vector_Operat ions 
(Axes «> My_Axes, 
Elements ■> My_Elements2, 
ElementsSquared ■> My~Elements2_Squared); 

use V0pns2; 
• • • 
package VOpns3 is new 

CVMA. Vector_Operat ions 
(Axes ■> My_Axes, 
Elements      «> My_Elements3, 
Elements_Squared «> My_Elements3_Squared); 

use VOpnsS; 

function "*" is new 
CVMA.Hatrix_Vector_Multiply 

(Axes "> My_Axes, 
Input_Vector_Elements »> My_Elements2, 
Output_Vector_Elements => My_Elements3, 
Matrix_Elements      => My_Elementslf 
Matrices »> MOpnsl.Matrices, 
Input_Vectors        => V0pns2.Vectors, 
OutputVectors       => V0pns3.Vectors); 

• • • 
Matrixl : MOpnsl.Matrices; 
Vector2 : V0pns2.Vectors; 
Vector3 : V0pns3.Vectors; 
• • • 
begin 

VectorB  :» Matrixl * Vector2; 

TiöSI 

% 
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3.6.8.1.9.6.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.1.9.6.6 DECOMPOSITION 

None. 

3.6.8.1.9.7 MATRIX_MATRIX_MULTIPLY (CATALOG #P52-0) 

This generic function allows the user to multiply two 3x3 matrix, returning 
the resultant 3x3 matrix. Both matrices contain elements in the x, y, and z 
axes of the Cartesian coordinate system. 

3.6.8.1.9.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R068. 

W 

3.6.8.1.9.7.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type Description 

Axes 
Left_Elements 

Right_Elements 

Result_Elements 

Left_Matrices 
RightMatrices 
Result Matrices 

scalar type 
floating 
point type 
floating 
point type 
floating 
point type 

array 
array 
array 

Used to dimension imported array types 
Data type of elements in left input matrix 

Data type of elements in right input matrix 

Data type of elements in output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

# 

Name Type Description 

| "*"   | function | Multiplication operator defining the operation:      | 
j      j        j Left Elements * Right Elements := Result Elements    j 
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FORMAL PARAMETERS: 

The following chart describes this part's formal parameters: 

| Name  | Type       | Mode | Description | 

| Matrixl | Left_Matrices | In    | First matrix used for multiplication | 
jj II operation j 
j Matrix2 j Right_Matrices j In    j Second matrix used for multiplication j 
jj jj operation j 

3.6.8.1.9.7.3 INTERRUPTS 

None. 

3.6.8.1.9.7.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Coordinate_Vector_Matrix_Algebra; 
• • • 

package CVNA renames Coordinate_Vector_Matrix_Algebra; 

type My_Axes is (x, y, z); 
type My~Elementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My_Elements3 is new FLOAT; 
• • • 
function "*" (Left    : My_Elementsl; 

Right : My_Elements2) return My_Elements3; 
• • • 
package MOpnsl is new 

CVMA.Matrix Operations 
(Axes ■> My_Axesf 
Elements      ■> My_Elementsl); 

use MOpnsl; 
• • • 
package M0pns2 is new 

CVNA.MatrixOperations 
(Axes -> My_Axes, 
Elements      ■> My_Elements2); 

use M0pns2; 
• • • 
package M0pns3 is new 

CVMA. Mat rix_Operat ions 
(Axes  "      => My_Axes, 
Elements      => My_Elements3); 

use M0pns31; 
• • ■ 

function "*" is new 
CVMA.Matrlx_Matrix_Multiply 

(Axes ■> MyAxes, 
Left_Elements  => My_Elementsl, 
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Right_Elements «> My_Elementsl, 
ResulT_Elenients => My_Elements3, 
Left_Matrices  -> MOpnsl.Matrices, 
Right_Matrices »> M0pns2.Matrices, 
Output_Matrices ■> M0pns3.Matrices); 

■ • • 

Matrixl : MOpnsl.Matrices; 
Matrix2 : MOpns2.Matrices; 
Matrix3 : M0pns3.Matrices; 
• • • 
begin 

• ■ • 

Matrix3 :- Matrixl * Matrix2; 

3.6.8.1.9.7.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.1.9.7.6 DECOMPOSITION 

None. 
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package Coordinate_Vector_Matrix_Algebra is 

pragma PAGE; 
generic 

type Axes is (<>); 
type Elements is digits <>; 
type Elements_Squared is digits <>; 
with function-"*" (Left ; Elements; 

Right : Elements) return Elements_Squared is <>; 
vith function Sqrt (Input : ElementsSquared) return Elements is <>; 

package Vector_Operations is 

type Vectors is array(Axes) of Elements; 

function "+" (Left : Vectors; 
Right : Vectors) return Vectors; 

function "-" (Left : Vectors; 
Right : Vectors) return Vectors; 

function Vector_Length (Vector : Vectors) return Elements; 

function Dot_Product (Vectorl : Vectors; 
Vector2 : Vectors) return Elements_Squared; 

function Sparse_Right_Z_Add (Left : Vectors; 
Right : Vectors) return Vectors; 

function Sparse_Right_X_Add (Left : Vectors; 
Right : Vectors) return Vectors; 

function Sparse_Right_Xy_Subtract (Left : Vectors; 
Right : Vectors) return Vectors; 

function Set_To_Zero_Vector return Vectors; 

end Vector_Operations; 

pragma PAGE; 
generic 

type Axes    is (<>); 
type Elements is digits <>; 

package MatrixOperations is 

type Matrices is array (Axes, Axes) of Elements; 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices; 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices; 

function "+" (Matrix : Matrices; 
Addend : Elements) return Matrices; 

function "-" (Matrix   : Matrices; 
Subtrahend : Elements) return Matrices; 
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function Set_To_Identity_Matrix return Matrices; 

function Set_To_Zero_Matrix return Matrices; 

end Matrix_Operations; 

pragaa PAGE; 
generic 

type Axes    Is (<>); 
type Elementsl is digits <>; 
type Elements2 is digits <>; 
type Scalars  is digits <>; 
type Vectorsl is array(Axes) of Elementsl; 
type Vectors2 is array(Axes) of Elements2; 
vith function "*" (Left  : Elementsl; 

Right : Scalars) return Elements2 is <>; 
vith function "/" (Left : Elements2; 

Right : Scalars) return Elementsl is <>; 
package Vector_Scalar_Operations is 

function "*" (Vector    : Vectorsl; 
Multiplier : Scalars) return Vectors2; 

function Sparse_X_Vector_Scalar_Multiply 
(Vector   -: Vectorsl; 
Multiplier : Scalars) return Vectors2; 

c function "/" (Vector    : Vectors2; ~ 
'Divisor :  Scalars) return Vectorsl; 

end Vector_Scalar_Operations; 

pragaa PAGE; 
generic 

type Axes is (<>); 
type Elementsl is digits <>; 
type Elements2 is digits <>; 
type Scalars  is digits <>; 
type Matricesl is array (Axes, Axes) of Elementsl; 
type Matrices2 is array (Axes, Axes) of Elements2; 
vith function "*" (Left  : Elementsl; 

Right : Scalars) return Elements2 is <>; 
vith function "/" (Left  : Elements2; 

Right : Scalars) return Elementsl is <>; 
package Matrlx_Scalar_Operations is 

function "*" (Matrix    : Matricesl; 
Multiplier : Scalars) return Matrices2; 

function "/" (Matrix : Matrices2; 
Divisor : Scalars) return Matricesl; 

end Matrix_Scalar_Operations; 

pragu PAGE; m 
generic 
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type Axes 
type Left_Elements 
type Right_Elements 
type Result_Elements 
type Left_Victors 
type Rlght_Vectors 
type Result_Vectors 
with function "*" 

function Cross 

Is (<>); 
is digits <>; 
is digits <>; 
is digits <>; 
is array(Axes) 
is array(Axes) 
is array(Axes) 

(Left : Left_Elements; 
Right : Right Elements) return Result_Elements is <>; 

Product (Left : Lelt_Vectors; 
Right : Right Vectors) return Result Vectors; 

of Left_Eleinents; 
of Right_Elements; 
of Result Elements; 

pragna PAGE; 
generic 

type Axes is (<>); 
type Input_Vector_Elements is digits <> 
type Output_Vector_Elements is digits <> 
type Matrix~Elements 
type Input_Vectors 
type Output_Vectors 
type Matrices 
with function "*" (Left 

Right 

is digits <>, 
is array (Axes) of Input Vector_Elements 
is array (Axes) of Output_Vector_Element 
is array (Axes, Axes) of Matrix_Elements 

Matrix_Elements; 
Input_Vector Elements) 

1 

s; 

return Output_Vector_Elements is <>; 
function Matrix_Vector_Multiply 

(Matrix : Matrices; 
Vector : Input_Vectors) return Output_Vectors; 

pragma PAGE; 
generic 

type Axes 
type Left_Elements 
type RightElements 
type Result_Elements 
type Left_Matrices 
type RighI_Matrices 
type Result Matrices 
with function "*" 

Is «>); 
is digits <>; 
is digits <>; 
is digits <>; 
is array (Axes, 
is array (Axes, 

Axes) of Left_Elements; 
Axes) of Right_Elements; 
Axes) of Result Elements; is array (Axes, 

(Left : Left_Eleraents; 
Right : RightElements) return Result_Elements is <>; 

function Matrix MatrixMultiply 
(Matrixl : Left_Matrices; 
Matrix2 : Right_Matrices) return ResultMatrices; 

end Coordinate Vector Matrix Algebra; 
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3.6.8.2 GENERAL_VECTOR_MATRIX_ALGEBRA (SPEC) TLCSC (CATALOG #P167-0) 

This part is a package of generic packages and generic functions. The LLCSC's 
take two different forms. One form defines vector and matrix types, along with 
general operations on these types. The other form requires that vector and 
matrix types be provided as generic parameters and performs operations on data 
objects of different types. 

Many of the parts have both an unconstrained and constrained or restricted and 
unrestricted versions. The constrained/restricted versions of these parts are 
less flexible in the dimensioning of the input arrays, but require fewer 
internal calculations. 

The generic functions/package which import generic formal array types have been 
designed to work in conjunction with the data types exported by the generic 
packages. 

3.6.8.2.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

'KV 
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Name Requirements 
Allocation 

^ 

General_Vector_Matrix_Algebra 
Vector_Öperations_Unconstrained 

Vector_Operations_Constrained 

Matrix_Operations_Unconstrained 

Matrix_Operations_Constrained 

Dynamically_Sparse_Matrix_Operations_Uncons trained 
I^rnamically_Sparse_Matrix_Operations Constrained 
Symmetric_Hal£_Storage_Matrix_OperatTons 
Symmetric_Full~Storage_Matrix_Operations_Uncons trained 
Symmetric_Full_Storage Matrix_Operations~Constrained 
Diagonal Matrix_OperatTons 
Vector_Scalar_Operations_Unconstrained 
Vector_Scalar_Operations_Constrained 
Matrix~Scalar~Operatlons_Unconstrained 
Matrix_Scalar Operations_Constrained 
Diagonal Matrix ScalarOperations 
Matrix Vector_Mültiply_Unrestricted 
Matrix~Vector_Multiply Restricted 
Vector Matrix MultiplyUnrestricted 
Vector~Matrix2Multiply_Restricted 
Vector_Vector~Transposi_Multiply_Unrestricted 
Vector~Vector~Transpose Multiply_Restricted 
Matrix~Matrix~Multlply Unrestricted 
Matrix'Matrix'Multiply^Restricted 
Matrix~Matrix~Transpose_Multiply_Unrestricted 
Matrix_Matrix~Transpose~Multiply~Restricted 
DotPröductOperationUnrestrictid 
Dot^Product'Operation Restricted 
Diagonal Full MatrixAdd Unrestricted 
Diagonal~Full~Matrix_Add~Restricted 
ABA_Trans_Dynim_Sparse_Ma t r i x_Sq_Ma t r i x 
ABA_Trans~Vector_Sq_Matrix 
ABA_Trans~Vector_Scilar 
Column Matrix Operations 

R058 
R061, 
R104 

R061, 
R104 

R075, 
R080, 

R075, 
R080, 

R226 
R226 
R211 
R227 
R227 
R212 
R065, 
R065, 
R073, 
R073, 
R212 
R069 
R069 

R077 
R077 

R063 
R063 
R212 
R212 

R062, R063, 

R062, R063, 

R076, R079, 
R155, R156 

R076, R079, 
R155, R156 

R066 
R066 
R07A 
R074 

Allocation of Parts to General Vector/Matrix Algebra TLCSC 

3.6.8.2.2 INPUT/OUTPUT 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Exceptions: 

The following table describes the exceptions exported by this part: 

$ 
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Name        | Description 

Dimension Error | Raised by a routine or package when input received has 
| dimensions incompatible with the type of operation to 
I be performed 

3.6.8.2.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.8.2.4 LOCAL ENTITIES 

None. 

3.6.8.2.5 INTERRUPTS 

None. 

3.6.8.2.6 TIMING AND SEQUENCING 

None. 

3.6.8.2.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.8.2.8 DECOMPOSITION 

The following table describes the decomposition of this part: 
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Name Type Description I 
| Vector_Operations_ 
j Unconstrained 

| generic  | 
| package 

j Vector_Operations_ 
j Constrained 

| generic  { 
package | 

j Matrlx_Operations_ 
j Unconstrained 

generic 
package | 

| Matrix_Operations_ 
j Constrained 

generic  | 
package | 

j Dynamically_Sparse_Matrix_ 
j Operations_Unconstrained 
1 

generic  j 
package j 

j Dynamically_Sparse_Matrix_ 
j Operations~Constrained 

generic  j 
package j 

j SymmetricHalf Storage_ 
j Matrix_OperatIons 

generic 
package j 

j Symmetrlc^Full Storage_ 
Matrlx_OperatIons_ 

I Unconstrained 

generic  j 
package j 

| Symmetric_Full Storage_ 
j Matrix_OperatTons_ 
j Constrained 

generic  j 
package j 

j Diagonal_Matrix_Operations generic  j 
package j 

j Vector_Scalar Operations_ 
j Unconstrained 

generic  j 
package j 

j Vector_Scalar_Operations_  1 
j Constrained 

generic  | 
package j 

| MatrixScalar Operations_  j 
| Unconstrained 

generic 
package j 

j Matrix_Scalar_Operations_  j 
| Constrained ~           j 

generic  j 
package j 

Diagonal_Matrix_Scalar_    | 
Operations             j 

generic 
package j 

| Matrix_Vector_Multiply_    | generic  j 

Defines an unconstrained vector 
type and provides general 
operations on that type 

Defines a constrained vector 
type and provides general 
operations on that type 

Defines an unconstrained matrix 
type and provides general 
operations on that type 

Defines a constrained matrix 
type and provides general 
operations on that type 

Defines an unconstrained matrix 
type which is dynamically sparse 
and provides general operations 
on that type 

Defines a constrained matrix 
type which is dynamically sparse 
and provides general operations 
on that type 

Defines a constrained symmetric, 
half storage matrix in which 
only the bottom half of the 

. matrix is stored and provides 
general operations on that type 
Defines an unconstrained 
symmetric full storage matrix 
type and provides general 
operations on that type 

Defines a constrained symmetric 
full storage matrix type and 
provides general operations on 
that type 

Defines a constrained diagonal 
matrix type where only the 
diagonal elements are stored 
and provides general operations 
on that type 

Provides operations to multiply 
and divide an unconstrained 
vector by a scalar 
Provides operations to multiply 
and divide a constrained 
vector by a scalar 
Provides operations to multiply 
and divide an unconstrained 
matrix by a scalar 
Provides operations to multiply 
and divide a constrained matrix 
by a scalar 
Provides operations to multiply 
and divide a diagonal matrix 
by a scalar 

Multiplies an m x n matrix by an 
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Unrestricted 

Matrix Vector Multiply 
Restricted 

Vector_Matrix_Multiply_ 
Unrestricted" 

Vector Matrix_Multiply_ 
Restricted 

Vector Vector Transpose 
Multiply unrestricted " 

Vector Vector Transpose 
Multiply_Restrieted 

Unrestricted 

Matrix Matrix_Multiply_ 
Restricted 

Matrix_Matrix_Transpose_ 
Multiply_Unres trie ted " 

Matrix Matrix Transpose 
Multiply_Restricted 

Do t_Produc t_0pera t ion_ 
Unrestricted 

Do t_Produc t_Opera t ion_ 
Restricted- 

Diagonal Full_Matrix_Add_ 
Unrestrlcted- 

Diagonal_Full_Matrix_Add_ 
Restricted 

ABA Trans_Dynani Sparse_ 
Matrix_Sq_MatrIx 

ABA_Trans_Vec t or_Sq_Ma t r i x 

ABA Trans Vector Scalar 

package 

generic 
function 

generic 
package 

generic 
function 

generic 
package 

generic 
function 

package 

generic 
function 

generic 
package 

generic 
function 

generic 
package 

generic 
function 

generic 
package 

generic 
function 

generic 
package 

generic 
package 

generic 

n x 1 vector, returning an m x 1| 
vector j 
c(i,j) - a(i) * b(j) | 

Multiplies an m x n matrix by an j 
n x 1 vector,  returning an 
m x 1 vector 
c(i,j) « a(i) * b(j) 

Multiplies a    1 x m vector by an 
m x n matrix,  returning a    1 x n 
vector 
c(j) - a(i) * b(i,j) 

Multiplies a 1 x m vector by an 
m x n matrix, returning a 
1 x n vector 
c(j) * a(i) * b(i,j) 

Multiplies an m x 1 vector by 
the transpose of an n x 1 
vector, returning an m x n 
matrix 

Multiplies an m x 1 vector by 
the transpose of an n x 1 
vector, returning an m x n 
matrix 
n x p matrix, returning an m x p 
matrix 

Multiplies an m x n matrix by an 
n x p amtrix, returning an 
m x p matrix 
c(i,j) - a(i,k) * b(kfj) 

Multiplies an m x n matrix by 
the transpose of a p x n matrix, 
returning an m x p matrix 

Multiplies an m x n matrix by 
the transpose of a p x n matrix, 
returning an m x p matrix 
c(i,j) - a(i,k) * b(j,k) 

Performs a dot product operation 
on two unconstrained vectors 
c . a(i) * b(i) 

Performs a dot product operation 
on two constrained vectors 
c . a(i) * b(i) 

Adds an m x m diagonal matrix 
to an unconstrained, m x m 
full storage matrix 
c(i) = a(i) + b(i) 

Adds an m x m diagonal matrix 
to a constrained, m x m full 
storage matrix 
c(i) = a(i) + b(i) 

Does an ABA transpose to dynami- 
cally sparse matrix (m x n) and 
a square matrix (n x n) 

Does an ABA transpose to a vector 
(1 x m) and a square matrix 
(m x m) 

Does an ABA transpose to a vector 
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ABA_Trans_Col_Matrix Sq 
Matrix 

Column Matrix Operations 

package 
generic 
package 

generic 
package 

(1 x m) and a scalar 
Does an ABA transpose to a column 
matrix (m x n) and a square 
matrix (n x n) 
Provides a column matrix type 
and basic operations to go with 
it 

3.6.8.2.9 PART DESIGN 

3.6.8.2.9.1 VECTOROPERATIONSUNCONSTRAINED (CATALOG #P168-0) 

Taking the generic formal parameter "vector elements", this generic package 
defines a vector as an unconstrained, one-dimensional array of these elements. 
It then defines operations on the vector. See decompositi» section for 
operations provided. 

No exceptions are raised by this package; however, exceptions are raised by 
routines in this package: 

Name | Raised By | Vhen/Vhy Raised 

| Dimension_Error | Raised if the lengths of the two input 
vectors are not the same 

| Dot_Product | 

3.6.8.2.9.1.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of requirements to this part: 

Name 
| Requirements 
j Allocation 

I 
Dot_Product  | 
Vector Length | 

R061 
R062 
R063 
R104 

3.6.8.2.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name I Type Description I 

Vector_Elements 

Vector_Elements_ 
Squared 

Indices 

floating 
point type 
floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * Vector_Eleraents; used 
for reiult of a dot product operation 

Used to dimension exported Vectors type 

DATA OBJECTS: 

Subprograms: 

None. 

The following table describes the generic formal subroutines required by this 
part: 

Name I Type 

I function 

| Description 

"*" 

SqRt 

I 

| Used to define the operation 
I Vector_Elements * Vector_Elements :« 
j Vector_Elements_Squared ~ 

function    Square root function taking an object of type 
j Vector_Elements_Squared and returning an object 
j of type Vector Elements 

GLOBAL PARAMETERS: None. 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

EXCEPTIONS: None. 

Data types: 

The following chart describes the data types exported by this part: 

Name Range 

N/A 

Operators Description 

| Vectors | 

I       I 
| See decomposition | Unconstrained array of Elements 
j section        | j 

3.6.8.2.9.1.3 LOCAL ENTITIES 

None. 
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3.6.8.2.9.1.4 INTERRUPTS 

None. 

3.6.8.2.9.1.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Operations; 
• •  • 

type My_Indices is (a, b, c); 
• • • 
type MyElements      is new FLOAT; 
type My_Elements_Squared is new My_Elements; 
« • • 
function "*"  (Left    : MyElements; 

Right  : My~Elements)  return My_Elements_Squared; 

function SqRt  (Input  : Vector Elements_Squared) 
return Vector_ETements; 

• •  ■ 

package V_0pns is new 
General_Vector_Matrix Operations. 

Vectör_Operätions_Üncons trained 
(Vector_Elements ■> My_Elements, 
Vector_Elements_Squared -> My_Elements_Squared, 
Indices ■> My~Indices)T 

use V_0pns; 
t • • 

subtype My_Vectors is V_Opns.Vectors(My_Indices); 
• • • 
Vectorl : My_Vectors; 
Vector2 : My_Vectors; 
• • # 
begin 

Vectorl  :■ Vectorl + Vector2; 

3.6.8.2.9.1.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.1.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Tf0 

® 
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Name Type 1 Description I

m^n function Adds two vectors with m elements
c(l) - a(i) ♦ b(i)

function Subtracts two vectors with m
c(l) - a(i) - b(i)

Dot_Product function Performs a dot product operation on two
vectors with m elements
c - a(l) * b(l)

Vector_Length function Calculates the length of a vector
length - Sqrt(sum of a(i)**2)

The following table lists the allocation of catalog nuabers to this part:

1 Name 1 Catalog f 1

1 P454-0 1

1 P455-0 1

Dot_Product 1 P456-0 1

Vector_Length 1 P457-0 1

3.6.8.2.9.1.8 PART DESIGN

None.

3.6.8.2.9.2 VECTOR OPERATIONS CONSTRAINED (CATALOG fP169-0)

Talcing the generic formal parameter "vector_elements", this generic package 
defines a vector as an constrained, one-dimensional array of these elements. 
It then defines operations on the vector. See decomposition section for 
operations provided.

3.6.8.2.9.2.1 REQUIREMENTS ALLOCATION

The following table summarizes the allocation of CAMP requirements to this 
part:

i
1 Name

Requirements | 
Allocation |

11 R061 1
11 R062 1

Dot Product 1 1 R063 1

Vector_Length 1 R104 1

i

I
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3.6.8.2.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name 

Vector_Elements 

Vector_Elements_ 
Squared 

Indices 

Type Description I 
floating 
point type 
floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * Vector_Elements; used 
for result of a dot product operation 

Used to dimension exported Vectors type 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name 

"*" 

SqRt 

Type 

function 

function 

| Description 

Used to define the operation 
Vector^Elements * Vector_Elements :- 
Vec tor~Element s_Squared 
Square root function taking an object of type 
Vector_Elements_Squared and returning an object 
of type Vector Elements 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

| Name  | Range  |  Operators Description 

| Vectors | N/A 

I       I 
| See decomposition | Constrained array of Elements 
j  section 

3.6.8.2.9.2.3 LOCAL ENTITIES 

None. 
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3.6.8.2.9.2.4 INTERRUPTS 

None. 

3.6.8.2.9.2.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Operations; 
• • • 

type My_Indices is (a,  b, c); 
• • • 
type My_Elements is new FLOAT; 
type My_Elements_Squared is new My_Elements; 
• • • 
function "*" (Left    : My_Elements; 

Right  :  My~Elements) return My_Elements_Squared; 
• • • 
function SqRt (Input : Vector Elements_Squared) 

return Vector_Elements; 
• ■ • 

package V_Opns is new 
Gineral_Vector_Matrix_Operat ions. 

Vector_Operätions_Cons trained 
(Vector_Elements       «>•MyElements, 
Vector_Elements_Squared ■> My~Elements_Squared, 
Indices      ~      »> My_Indices)T 

use V_Opns; 
• • • 
Vectorl : VOpns.Vectors; 
Vector2 : VOpns.Vectors; 
• • • 
begin 

• • • 
Vectorl  :» Vectorl + Vector2; 

3.6.8.2.9.2.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.2.7 DECOMPOSITION 

The following table describes the decomposition of this part; 
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Name Type Description 

Dot Product 

function 

function 

function 

VectorJLength j function 

Adds two vectors with m elements 
c(l) - a(i) + b(i) 

Subtracts two vectors with m 
c(i) - a(i) - b(i) 

Performs a dot product operation on two 
vectors with m elements 
c = a(l) * b(i) 

Calculates the length of a vector 
length = Sqrt(sum of a(i)**2) 

The following table lists the allocation of catalog numbers to this part: 

| Name       | Catalog # | 

1 "+"        1 
1 ,,-M        1 
j Dot Product  | 
j Vector_Length j 

P458-0   | 
P459-0   | 
P460-0   | 
P461-0   | 

3.6.8.2.9.2.8 PARI 

None. 

' DESIGN 

3.6.8.2.9.3 MATRIX_OPERATIONS_UNCONSTRAINED (CATALOG #P170-0) 

Taking the generic formal parameter "elements", this generic package defines a 
matrix as an unconstrained, two-dimensional array of these elements. It then 
defines operations on the matrix. See the decomposition section for a 
description of the operations provided. 

No exceptions are raised by this package; however, exceptions are raised by 
routines in this package: 

| Name     | Raised By          | Vhen/Vhy Raised                | 

| Dimension_ | "+" | Raised if the sizes of the two | 
| Error    j "-"                j input matrices are not the same    j 

| Dimension_ | Set_to_Identity_Matrix | Raised if input matrix is not a j 
| Error    j                  j square matrix                 j 

j Dimension_ | "*" | Raised if the lengths of the inner j 
| Error | j dimensions of the two input matrices} 
j         j                   j are not the same               j 
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3.6.8.2.9.3.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

1 Requirements | 
| Name Allocation   | 

| "+" (matrices + matrices) R079        | 
| "-" (matrices - matrices) R080        | 
| 'V' (matrices + elements) R075        i 
| "-" (matrices - elements) R076        | 
| Set to Identity Matrix R155         j 
j Set to Zero Matrix R156         | 
j "*»_ R077         | 

3.6.8.2.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Elements 

Collndlces 

Row Indices 

Type Description 

floating | Used to define type of elements in matrix 
point type j defined by this package 

discrete j Used to define second dimension of exported 
type j matrix type 

discrete | Used to define first dimension of exported 
type j matrix type 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

Name Range 

N/A 

Operators Description 

| Matrices | 

I        I 
See decomposition | Unconstrained, two-dimensional 
section       j array of Elements 

3.6.8.2.9.3.3 LOCAL ENTITIES 

None. 
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3.6.8.2.9.3.4 INTERRUPTS 

None. 

3.6.8.2.9.3.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My Collndices is new INTEGER 1..10; 
type My~Row_Indices is new INTEGER 1..10; 
• • • 
type MyElements        is new FLOAT; 
• • • 
package M_Opns is new 

General_Vector_Matrix_Algebra.Matrix_Operations Unconstrained 
(Col_Indices ■> MyColIndices, 
Elements   => My_Elements, 
Row_Indices «> My_Row_Indices); 

use M_0pns; 
• • • 
subtype Ny_Matricesl is M_Opns.Matrices(l..3, 4..6); 
subtype My_Matrices2 is H Opns.Matrices(2..4, 5..7); 
subtype My_Matrices3 is MOpns.Matrices(3..5, 6..8); 
• • • 
Matrixl : My Matricesl; Q 
Matrix2 : My~Matrices2; ™ 
Matrix3 : My~Matrices3; 
• • • 
begin 

• • • 
Matrixl :- Matrix2 + Matrix3; 

3.6.8.2.9.3.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.3.7 DECOMPOSITION 

The following table describes the decomposition of this part: 
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| Name I Type Description 

"+" (matrices + matrices) | function 

"-" (matrices - matrices) | function 

"+" (matrices + elements) j function 

"-" (matrices - elements) j function 

Set_to_Identity_Matrix j procedurej 

Set_to_Zero_Matrix j procedure! 

"*" function 

Adds two m x n matrices 
c(i,j) = a(i,j) . b(i,j) 

Subtracts two m x n matrices 
c(i,j) - a(i,j) - b(i,j) 

Adds a scalar value to each 
element of an m x n matrix 
c(i,j) - a(i,j) + b 

Subtracts a scalar value from 
each element of an m x n matrix 
c(i,j) - a(i,j) - b 

Initializes an m x m matrix to an 
m x m identity matrix 
Sets all components of an m x m 
matrix to zero 

Multiplies an m x n matrix by an 
n x p matrix, returning the 
resultant m x p matrix 
c(i,j) -  a(i,k) * b(k,j) 

The following tabl« lists the allocation of catalog numbers to this part: 

o I Name Catalog # | 

| n+n (matrices + matrices) P461-0   | 
| "-" (matrices - matrices) P462-0   | 
| "-t-'' (matrices + elements) P463-0   | 
j "_'• (matrices - elements) P464-0   | 
| Set to Identity Matrix P465-0   | 
j Set to Zero Matrix P466-0   | 
| "*»' P467-0   | 

3.6.8.2.9.3.8 PART DESIGN 

None. 

3.6.8.2.9.4 MATRIX_OPERATIONS_CONSTRAINED (CATALOG #P171-0) 

Taking the generic formal parameter "elements", this generic package defines a 
matrix as a constrained, two-dimensional array of these elements. It then 
defines operations on the matrix. See the decomposition section for a 
description of the operations provided. 

No exceptions are raised by this package; however, exceptions are raised by 
routines in this package: 
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| Name | Raised By Vhen/Vhy Raised I 
Dimension_ | Set_to_Identity_Matrix | Raised if input matrix is not a    \ 
Error  ~ I     ~ I square matrix | 

3.6.8.2.9.4.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

1 Requirements | 
| Name Allocation 

| "+" (matrices + matrices) R079        | 
| "-" (matrices - matrices) R080        | 
| "+" (matrices + elements) R075        | 
| "-" (matrices - elements) R076         | 
| Set to Identity Matrix R155         | 
| Set to Zero Matrix R156         | 

i—   _—      — 

3.6.8.2.9.4.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type Description I 
Elements   | floating | Used to define type of elements in matrix 

I point type | defined by this package 
Col_Indices j discrete | Used to define second dimension of exported 

j  type j matrix type 
Rowlndices j discrete j Used to define first dimension of exported 

j type j matrix type 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

| Name   | Range Operators Description 

| Matrices | N/A 

I        I 
| See decomposition | Constrained, two-dimensional 
j section       | array of Elements 
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3.6.8.2.9.4.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.4.4 INTERRUPTS 

None. 

3.6.8.2.9.4.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My Col Indices is new INTEGER L.IO; 
type My~Row~Indices is new INTEGER 1..10; 

type My_Elements   is new FLOAT; 
• • • 
package M_0pns is new 

General_Vector_Matrix_Algebra.Matrix_Operations_Cons trained 
(ColJEndices «> My_Col_Indices, 
Elements   ■> My_Elements, 
Row_Indlces »> My_Row_Indices); 

use M_0pns5 
• • • 
Matrixl : MOpns.Matrices; 
Matrix2 : MOpns.Matrices; 
Matrix3  : MOpns.Matrices; 
• • • 
begin 

• • • 
Matrixl :« Matrix2 + Matrix3; 

3.6.8.2.9.4.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.4.7 DECOMPOSITION 

The following table describes the decomposition of this part: 
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Name 

"+" (matrices + matrices) 

n-n  (matrices - matrices) 

"+" (matrices + elements) 

Type   | Description 

function 

function 

function 

"-" (matrices - elements) j function 

Set_to_Identity_Matrix   | procedure! 

Set to Zero Matrix      | procedure| 

Adds two m x n matrices 
c(i,j) = a(i,j) - b(i,j) 

Subtracts two m x n matrices 
c(i,j) - a(i,j) - b(i,j) 

Adds a scalar value to each 
element of an m x n matrix 
c(i,j) = a(i,j) + b 

Subtracts a scalar value from 
each element of an m x n matrix 
c(i,j) - a(i,j) - b 

Initializes an m x m matrix to an 
m x m identity matrix 

Sets all components of an m x m 
matrix to zero 

® 

The following table lists the allocation of catalog numbers to this part: 

|  Name Catalog # | 

I "+" (matrices + matrices) 
"-" (matrices - matrices) 
"+" (matrices + elements) 
"-" (matrices - elements) 
Set_to_Identity_Matrix 
Set_to_Zero_Matrix 

P468-0   | 
P469-0   | 
P470-0   | 
P471-0   j 
P472-0   | 
P473-0   | 

3.6.8.2.9.4.8 PART DESIGN 

None. 

'W 

3.6.8.2.9.5 DYNAMICALLY_SPARSE_MATRIX_OPERATIONS_UNCONSTRAINED (CATALOG #P172-0) 

This package defines a dynamically sparse matrix and operations on it. All 
elements of the matrix are stored, but most of the elements are expected to be 
0. Vhich elements are zero does not have to remain the same.  See 
decomposition section for the operations provided. 

No exceptions are raised by this package. However, exceptions are raised by 
routines it contains: 
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Name |    Raised By |    Vhen/Vhy Raised 

Dimension_  |  Set_to_Identity_Matrix |  Raised if input matrices are not 
Error |  Add~to_Identity~ |     square matrices 

I  Subtract from Identity  j 

Error 

n. ii 

n n 
Raised if both input matrices are 
not m x n matrices 

3.6.8.2.9.5.1 REQUIREMENTS ALLOCATION 

This part satisfies CAMP requirement R226. 

3.6.8.2.9.5.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Elements 

Col_Indices 

Row Indices 

Type 

floating 
point type 
discrete 
type 

discrete 
type 

Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part; 

Name |    Range    |    Operators Description I 

Matrices   |  N/A |  See decomposition   |  Unconstrained,   two-dimensional 
j j    section |    array of Elements 

3.6.8.2.9.5.3    LOCAL ENTITIES 

None. 
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3.6.8.2.9.5.4 INTERRUPTS 

None. jQ 

3.6.8.2.9.5.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector Matrix_Algebra; 

type My Collndices is new INTEGER 1..10; 
type My~Row_Indices is new INTEGER 1..10; 
• • ■ 

type My_Elements   is new FLOAT; 
• • • 
package Sparse N Opns is new 

GeneraT_yector_Matrix_Algebra. 
Dynamically_Sparse~Matrix Operations_Unconstrained 

(Col_Indices => My_Col~Indices, 
Elements   => My_Elements, 
Row_Indices => My_Row_Indices); 

use Sparse_M_Opns;- 

• • • 
subtype My_Matricesl is Sparse_M_0pns.Matrices(1..3, 4..6); 
subtype My_Matrices2 is Sparse_M_0pns.Matrices(2..4, 5..7); 
subtype My_Matrices3 is Sparse_M_Opns.Matrices(3..5, 6..8); 

Matrixl : My_Matricesl; 
Matrix2 ; My_Matrices2; 
Matrix3 : My_Matrices3; 
• • • 
begin 

« • • 
Matrixl  :« Matrix2 + Matrix3; 

3.6.8.2.9.5.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.5.7 DECOMPOSITION 

The following table describes the decomposition of this part: 
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Name 

Set_to_ldentity_Matrix 

Set_to_Zero_Matrix 

Addtoldentity 

Subtract from Identity 

Type    |  Description 

procedure 

procedure 

function 

function 

function 

function 

Sets a square matrix to an identity 
matrix 
Sets each element of a square matrix 
to zero 

Adds a square input matrix to an 
identity matrix 

Subtracts a square input matrix from 
an identity matrix 

Adds two m x n matrices 
c(i,j) - a(i,j) + b(i,j) 

Subtracts two m x n matrices 
c(i,j) - a(i,j) - b(i,j) 

The following table lists the allocation of catalog numbers to this part: 

| Name | Catalog # | 

| Set to Identity Matrix |  P475-0   | 
j Set to Zero Matrix |  P476-0   | 
| Add~to Identity |  P477-0   | 
| Subtract from Identity |  P478-0   | 

"+" |  P479-0   | 
l "_" |  P480-0   | 

3.6.8.2.9.5.8 PART DESIGN 

None. 

3.6.8.2.9.6 DYNAMICALLY_SPARSE_MATRIX_OPERATIONS_CONSTRAINED (CATALOG #P173-0) 

This package defines a dynamically sparse matrix and operations on it. All 
elements of the matrix are stored, but most of the elements are expected to be 
0. Which elements are zero does not have to remain the same. See 
decomposition section for the operations provided. 

No exceptions are raised by this package. However, exceptions are raised by 
routines it contains: 

| Name | Raised By When/Why Raised                | 

| Dimension_ 
j Error 

| Set to Identity Matrix 
j Add_to~Identity 
| Subtreet_from_Identity 

Raised if input matrices are not    j 
square matrices                 | 

1 
j Dimension_ 
| Error 

1 "+" 
l " _ " 

Raised if both input matrices are   j 
not m x n matrices              j 

v 
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3.6.8.2.9.6.1 REQUIREMENTS ALLOCATION 

This part satisfies CAMP requirement R226. 

3.6.8.2.9.6.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Description | 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

| Name Type     | 

| Elements 
1 
Col Indices 

floating   | 
point type j 

discrete   j 

1 
Row Indices 

type     | 
discrete   j 

1 type    ! 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: MS* 

| Name Range  | Operators | Description 

Matrices | N/A 

I 
See decomposition  |  Cconstrained,  two-dimensional 
section j    array of Elements 

3.6.8.2.9.6.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.6.4 INTERRUPTS 

None. 

3.6.8.2.9.6.5 TIMING AND SEQUENCING 

The following shows a sample usage of this parti 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Col_Indices is new INTEGER 1..10; 
type My Row Indices is new INTEGER 1..10; # 
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type My_Elements   is new FLOAT; 
• • • 
package Sparse M Opns is new 

GeneraT_Vector_Matrix_Algebra. 
Dynami cal ly-Sparse~Ma t r i x_Opera t i ons_Cons t r a i ned 

(Col_IndIces ■> My_Col~Indices, 
Elements   => My_Elements, 
Row_Indices => My_Row_Indices); 

use Sparse_M_Opns; 
• • « 
subtype My_Matricesl is Sparse_M_Opns.Matrices(1..3, A..6); 
subtype My_Matrices2 is Sparse~M_0pne.Matrices(2..4, 5..7); 
subtype My_Matrices3 is Sparse_M_0pns.Matrices(3..5, 6..8); 
• • • 
Matrixl : Sparse_M_Opns.Matrices; 
Matrix2 : Sparse_H_Opns.Matrices; 
Matrix3 : Sparse_M_Opns.Matrices; 

begin 
• • • 
Matrixl :. Matrix2 + Matrix3; 

3.6.8.2.9.6.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.6.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name I Type Description 

Set_to_Identity_Matrix 

Set_to_Zero_Matrix 

Add_to_Identity 

Subtract_from_Identity 

procedure 

procedure 

function 

function 

function 

function 

Sets a square matrix to an identity 
matrix 
Sets each element of a square matrix 
to zero 

Adds a square input matrix to an 
identity matrix 

Subtracts a square input matrix from 
an identity matrix 

Adds two m x n matrices 
c(i,j) = a(i,j) + b(i,j) 
Subtracts two m x n matrices 
c(ifj) = a(i,j) - b(i,j) 

The following table lists the allocation of catalog numbers to this part: 

i 
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| Name Catalog # | 

| Set to Identity Matrix P482-0   | 
j Set to Zero Matrix PA74-0   | 
| Add to Identity P481-0   | 
Subtract from Identity PA83-0   | 
n+if P48A-0   | 

P485-0   | 

3.6.8.2.9.6.8 PART DESIGN 

None. 

3.6.8.2.9.7 SYMMETRIC_HALF_STORAGE_MATRIX_OPERATIONS (CATALOG #P174-0) 

This package defines a symmetric half storage matrix and provides operations on 
it. For the operations provided, see the decomposition section. The bottom 
half the the matrix will be stored in row-major order. 

The following table describes the exceptions raised by this package: 

Name | When/Why Raised 

| DimensionError | Raised if the lengths of Collndices and Rowlndices is 
I j not the.same j 

3.6.8.2.9.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.6.8.2.9.7.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name   | Type | Description 

Elements 

Col 
Indices 

Row 
Indices 

Col 
Slices 

Row 
Slices 

floating | Data type of elements in the half storage matrix 
point type j and in the Slices array 

discrete | Used to dimension column slices 
type | 

discrete j Used to dimension row slices of the half storage 
type j matrix and to determine the number of elements 

j which need to be stored 
array j Data type defining a column slice of a matrix 

array j Data type defining a row slice of a matrix 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

Name 

Matrices 

Range 

N/A 

| Operators Description 

See 
decomposition 
section 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects; 

The following chart describes the data objects exported by this part: 

| Name | Type    | Value 

| Entry Count | Positive | — 

!   " I      I 
I I      I 

Description 

| Number of stored values from the half- | 
j storage matrix; the number of elements j 
j stored in a half-storage matrix with 
j n rows elements is n(n+l)/2 | 

3.6.8.2.9.7.3 LOCAL ENTITIES 

None. 

m 
3.6.8.2.9.7.4 INTERRUPTS 

None. 
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3.6.8.2.9.7.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Col_Indices is (a, b, c); 
type My_Row_Indices is (x, y, z); 
• • • 
type My_Elements       is new FLOAT; 
type My~Elements_Squared is new FLOAT; 
• • • 
function "*" (Left : MyElements; 

Right : My_Elements) return My_Elements_Squared; 

function Sqrt (Input : My_Elements_Squared) return My_Elements; 

package V_Opns XYZ is new 
GeneraT_Vector_Matrix_Algebra.Vector_Operations 

(Vectorjllements       -> My_Elements, 
Vector_Elements_Squared «> My_Elements_Squared, 
Indices ■> My_Row_Indices); 

use V_Opns_XYZ; 
• • • 
subtype Vectors_XYZ is V_Opns_XYZ.Vectors(My_Row_Indices); 
• • • 
package VOpns ABC is new 

GeneraT_Vector_Matrix_Algebra.Vector_Operations 
(Vector_Elements       -> My_Eliments, 
Vector_Elements_Squared ■> My~Elements_Squared, 
Indices      ~      ■> My_Col_Indices); 

use V_0pns_ABC; 
• • • 
subtype Vectors_ABC is V_Opns_ABC.Vectors(My_Col_Indices); 
• • • 
package HStorage_M_Opns is new 

General_Vector_Matrix_Algebra. 
Symmetric_Half_Storage_Matrix_Operations 

(Elements »> My_Elements, 
Collndices -> MyColIndices, 
Row Indices => My Row Indices, 
Col_Slices -> VectorsXYZ, 
Row_Slices «> Vectors~ABC); 

use HStorage_M_Opns; 
• • • 
Half_Matrix ; HStorage_M_Opns.Matrices; 
• • • 
begin 

Half Matrix := HStorage M Opns.Identity Matrix; 

m 
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3.6.8.2.9.7.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.7.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name Type Description 

Initialize 
IdentityMatrix 
Zero_Matrix 

Change_Element 
Re t r i eve_Elemen t 

Row_Slice 
Column_Slice 
Add_to_Identity 

Subtract_from_Identity 

procedure | Initializes matrix a row at a time 
function | Sets matrix to an identity matrix 
function j Sets each element of the matrix to 

j zero 
procedure | Changes a single element of the matrix 
function | Retrieves a single element of the 

j matrix 
function j Retrieves one row from the matrix 
function j Retrieves one column from the matrix 
function j Adds input matrix to an identity 

j matrix 
function j Subtracts input matrix from an 

j identity matrix 
function j Adds two half-storage matrices 

I c(i,j) - a(ifj) + b(i,j) 
function j Subtracts two half-storage matrices 

I c(i,j) - a(i,j) - b(i,j) 

The following table lists the allocation of catalog numbers to this part: 

| Name Catalog # | 

| Initialize P486-0   | 
| Identity Matrix P487-0   | 
j Zero Matrix P488-0   | 
j Change Element P489-0   | 
| Retrieve Element P490-0   | 
| Row Slice P491-0   | 
| Column Slice P492-0   | 
j Add to Identity P493-0   | 
j Subtract from Identity P494-0   | 

"+" P495-0   | 
l "_" P496-0   | 

3.6.8.2.9.7.8 PART DESIGN 

None. 
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3.6.8.2.9.8 SYMMETRIC FULL STORAGE MATRIX OPERATIONSJJNCONSTRAINED (CATALOG 
#P175-0) 

This package defines a symmetric full storage matrix type and provides 
operations on it.  For the operations provided, see the decomposition section. 
All elements of the matrix are stored, but operations on the matrices will take 
advantage of the fact that they are symmetric. 

No exception are raised by this package. Exceptions are, however, raised by 
routines in this package. 

Name | Raised By Vhen/Vhy Raised 

| Dimension | Set to Identity Matrix Raised if the input matrix is not a 
| Error j Set to_Zero Matrix 

| Add_to_Identity 
| Subtract from_Identity 
| ChangeElement 

square matrix 

| Dimension | %" Raised if both input matrices are 
| Error l "_" not m x m matrices 

| Invalid | Change Element Raised if an attempt is made to 
Index 1 

1 
change an element that is beyond 
the dimensions of the matrix 

3.6.8.2.9.8.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.6.8.2.9.8.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type | Description I 
Elements    | floating 

| point type 
Col_Indices j discrete type 
Row Indices j discrete type 

Data type of elements in exported matrix 
type 

Used to dimension exported matrix type 
Used to dimension exported matrix type 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Exceptions: 
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The following c'.art describes the exceptions exported by this part: 

Name |  Description 

| Invalid_Index | Indicates an attempt was made to access an element beyond 
j |  the dimensions of the array 

Data types: 

The following chart describes the data types exported by this part: 

Name Range Operators Description 

| Matrices | N/A See decomposition | Unconstrained, two-dimensional 
{ array of Elements 

3.6.8.2.9.8.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.8.4 INTERRUPTS 

None. 

3.6.8.2.9.8.5 TIMING AND SEQUENCING 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Col Indices is new INTEGER 1..10; 
type My_Row~Indices is new INTEGER 1..10; 
« • • 
type My_Elements   is new FLOAT; 
• • • 
package Full_Storage_M_Opns is new 

General_Vector~Matrix_Algebra. 
Symmetric_Full_Storage_Matrlx Operations Unconstrained 

(Col_Indices «> MyColIndTces, 
Elements   => My~Elements, 
Row_Indices => My_Row_Indices); 

use Full_Storage_M_Opns; 
• * • 
subtype My_Matricesl is Full_Storage_M_0pns.Matrice6(l..3, 4..6) 
subtype My_Matrices2 is Full_Storage_M_0pns.Matrices(2..4, 5..7) 
subtype My~Matrices3 is Full~Storage_M_0pns.Matrices(3..5, 6..8) 
• • • 
Matrixl : My Matricesl; 
Matrix2 : My~Matrices2; 
Matrix3 : My~Matrices3; 
• • ■ 

begin 
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Hatrixl  :- Matrix2 + Matrix3; 

3.6.8.2.9.8.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.8.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name 

Change_Element 

Set_to_Identity_Matrix 

Set_to_Zero_Matrix 

Addtoldentity 

Subtract from Identity 

Type 

procedure 

procedure 

procedure 

function 

function 

function 

function 

Description 

Changes an element, along with its 
symmetric counterpart 

Sets square matrix to an identity 
matrix 

Sets each element of a square matrix 
to zero 

Adds square matrix to an identity 
matrix 
Subtracts square matrix from an 
identity matrix 

Adds two square matrices 
c(i,j) - a(i,j) ♦ b(i,j) 

Subtracts two square matrices 
c(i,j) - a(i,j) - b(i,j) 

Q 

The following table lists the allocation of catalog numbers to this part: 

|  Name Catalog # | 

| Change Element P497-0   1 
j Set to~Identity Matrix P498-0   | 
j Set to Zero Matrix P499-0   | 
j Add to Identity P500-0   | 
j Subtract from Identity P501-0   | 
j  II + M P502-0   | 
1  ••_" P503-0   | 

3.6.8.2.9.8.8 PART DESIGN 

None. 

3.6.8.2.9.9 SyMMETRIC_FULL_STORAGE_MATRIX_OPERATIONS_CONSTRAINED (CATALOG #P176-0) 

This package defines a symmetric full storage matrix type and provides 
operations on it. For the operations provided, see the decomposition section. 
All elements of the matrix are stored, but operations on the matrices will take 
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advantage of the fact that they are symmetric. 

The following table describes the exceptions raised by this part: 

| Name        | Vhen/Vhy Raised I 

| Dimension_Error | Raised if an attempt is made to instantiate other than  | 
I I a square matrix | 

3.6.8.2.9.9.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.6.8.2.9.9.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name      | Type       | Description | 

| Elements | floating | Data type of elements in exported matrix | 
I I point type | type | 
j Col_Indices j discrete type j Used to dimension exported matrix type | 
j RowJEndices j discrete type j Used to dimension exported matrix type | 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following chart describes the data types exported by this part: 

| Name   | Range | Operators      | Description | 

| Matrices | N/A    | See decomposition | Constrained, two-dimensional     | 
III j array of Elements j 

3.6.8.2.9.9.3 LOCAL ENTITIES 

None. 
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3.6.8.2.9.9.4 INTERRUPTS 

None. 

3.6.8.2.9.9.5 TIMING AND SEQUENCING 

with General_Vector_Matrlx_Algebra; 
• « • 

type My Col_Indices is new INTEGER 1..10; 
type My~Row_Indices is new INTEGER 1..10; 
• • • 
type My_Elements   is new FLOAT; 
• •  • 
package Full_Storage_M_Opns is new 

General_Vector_Matrix_Algebra. 
Syminetric_Full_Storage_Matrix Operations_Constrained 

(Collndices => MyColIndTces, 
Elements        ■> My~Elements, 
Row_Indices ■> My_Row_Indices); 

use Full_Storage_M~Opns; 

Matrixl : Full_Storage_M_Opns.Matrices; 
Matrix2 : Full~Storage~M_Opns.Matrices; 
Matrix3 :  Full~Storage~M_Opns.Matrices; 
• • • 
begin ._ 

O 
Matrixl  :- Matrix2 + Matrix3; ^^ 

3.6.8.2.9.9.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.9.7 DECOMPOSITION 

The following table describes the decomposition of this part: 



CAMP Software Top Level Design Document Page 475 

Name 

ChangeElement 

Set_to_Identity_Matrix 

Set_to_Zero_Matrix 

Add_to_Identity 

Subtract from Identity 

Type 

procedure 

procedure 

procedure 

function 

function 

function 

function 

Description 

Changes an element, along with its 
symmetric counterpart 

Sets square matrix to an identity 
matrix 

Sets each element of a square matrix 
to zero 

Adds square matrix to an identity 
matrix 
Subtracts square matrix from an 
identity matrix 

Adds two square matrices 
c(i,j) = a(l,j) + b(i,j) 

Subtracts two square matrices 
c(i,j) = a(i,j) - b(i,j) 

The following table lists the allocation of catalog numbers to this part: 

c 

| Name Catalog # | 

| Change Element P504-0   | 
1 Set to~Identity Matrix P505-0   | 
| Set to Zero Matrix P506-0   | 
| Add to~Identity P507-0   | 
j Subtract from Identity P508-0   | 

fi+ii       ~ P509-0   | 
I »•_" P510-0   | 

3.6.8.2.9.9.8 PART DESIGN 

None. 

3.6.8.2.9.10 DIAG0NAL_MATRIX_0PERATI0NS (CATALOG #P177-0) 

This package defines a diagonal matrix where the only non-zero elements occur 
on the diagonal. It then provides operations on that type.  For the operations 
provided, see the decomposition section. 

Name |    Raised By 

|   this package 

|    When/Why Raised 

# 

Dimension_ 
Error 

Raised if the lengths of column and 
row indices are not the same 

Invalid_Index | Change_Element  | Raised if element requested does not 
j Retrieve Element |  fall on the diagonal 
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3.6.8.2.9.10.1 REQUIREMENTS ALLOCATION 

This part meets CAMP require R212. 

3.6.8.2.9.10.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Elements 

Col_Indices 

Row_Indices 

Col_Slices 
Row Slices 

I Type | Description 

floating 
point type 

discrete 
type 

discrete 
type 

array 
array 

Data type of elements in the exported matrix 
type, as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

One-dimensional array of column Elements 
One-dimensional array of row Elements 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Exceptions: 

The following table describes the exceptions raised by this part: 

o 

Name Description 

| Invalid_Index | Indicates an attempt was made to access an element not on j 
| j  the diagonal j 

Data types: 

The following chart describes the data types exported by this part: 

| Name    | Range Operators 

N/A 

See decomposition 
section 

| Description 

Diagonal_ | 1.. 
Range j Entry_ 

j Count' 
Diagonal_ j N/A 
Matrices j 

Used to dimension diagonal_ 
matrices 

Vector representation of a 
matrix where all but the 
diagonal elements equal zero 

Data objects: 
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The following table describes the data objects exported by this part: 

| Name     | Type   | Description | 

| Entry_Count | Positive | Number of diagonal elements in the array        | 

3.6.8.2.9.10.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.10.A INTERRUPTS 

None. 

3.6.8.2.9.10.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Col_Indices is (a, b, c); 
type My_Row_Indices is (x, y, z); 
• • • 
type My_Elements       is new FLOAT; 
type My_Elements_Squared is new FLOAT; 
• • • 
function n*n (Left    : HyElements; 

Right : My~Elements) return My_Elements_Squared; 
• • • 
function Sqrt (Input : My_Elements_Squared) return My_Elements; 

package V_0pns XYZ is new 
GineraI_Vector_Matrix_Algebra.Vector_Operations 

(Vector_Elenients       => My_Elements, 
Vector_Elements_Squared => My_Elements_Squared, 
Indices => My Row Indices); 

use V_0pns_XYZ; 
• • • 
subtype Vectors_XyZ is V_Opns_XYZ.Vectors(My_Row_Indices); 
• • • 
package V_0pns ABC is new 

GeneraT_Vector_Matrix_Algebra.Vector_Operations 
(Vector_Eleients -    => My_Elements, 
Vector_Elements_Squared => My_Elements_Squared, 
Indices => My~Col_Indices); 

use V_0pns_ABC; 

subtype Vectors_ABC is V_Opns_ABC.Vectors(My_Col_Indices); 

package Diagonal_M_0pns is new 
General_Vector_Matrix_Algebra. 

Diagonal Matrix Operations 
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(Elements => My_Elements, 
Col_Indices => MyColIndices, 
Rov_Indices => My~Row_Indices, 
ColSllces => VectorsXYZ, 
RovTslices «> Vectors_ABC); 

use Diagonal_M_Opns; 
• • • 
Diag_Matrix : Dlagonal_M_Opns.Diagonal_Matrices; 
• • • 
begin 

• • • 
Diag_Matrix  :- Diagonal_M_Opns.Identity_Matrix; 

3.6.8.2.9.10.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.10.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name I Type Description 

Identity_Matrix 
Zero_Matrix 
Change_Element 

Retrieve_Element 

Row_Slice 

Column_Slice 

Add_to_Identity 

Subtract from Identity 

function 
function 
procedure 

function 

function 

function 

function 

function 

function 

function 

Returns an identity matrix 
Returns a zero matrix 
Changes a single element of a 
diagonal matrix 

Retrieves a single element from a 
diagonal matrix 

Retrieves a row from a diagonal 
matrix 

Retrieves a column from a diagonal 
matrix 

Adds an input diagonal matrix to an 
identity matrix 

Subtracts an input diagonal matrix 
from an identity matrix 

Adds two diagonal matrices 
c(i,j) = a(i,j) + b(i,j) 
Subtracts two diagonal matrices 
c(i,j) = a(i,j) - b(i,j) 

o 

The following table lists the allocation of catalog numbers to this part: 
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| Name Catalog # | 

| Identity Matrix P511-0   | 
j Zero Matrix P512-0   j 
j Change Element P513-0   | 
| Retrieve Element P514-0   | 
j Row Slice P515-0   | 
j Column Slice P516-0   | 
| Add to Identity P517-0   | 
j Subtract from Identity P518-0   | 
"+" P519-0   | 

P520-0   | 

3.6.8.2.9.10.8 PART DESIGN 

None. 

3.6.8.2.9.11 VECTOR_SCALAR_OPERATIONS_UNCONSTRAINED (CATALOG #P178-0) 

This package provides the functions to allow the user to multiply or divide 
each element of a vector by a scalar. 

3.6.8.2.9.11.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

Name 
Requirements | 
Allocation 

| V" 
R065 
R066 

I 

3.6.8.2.9.11.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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| Name I Type | Description 

Elementsl 

Elements2 

Scalars 

Indicesl 
Indices2 
Vectorsl 
Vectors2 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
discrete 
array 
array 

Type of elements in a vector; 
Elementsl :■ Elements2 *    Scalars 

Type of elements in a vector; 
Elements2 :* Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 
Used to dimension Vectorsl 
Used to dimension Vectors2 
An array of Elementsl 
An array of Elements2 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name 

j "/' 

I Type 

| function 

I 
| function 

|  Description 

Used to define the operation 
Elementsl :■ Elements2 * Scalars 

Used to define the operation 
Elements2 :» Elementsl / Scalars 

3.6.8.2.9.11.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.11.4 INTERRUPTS 

None. 

3.6.8.2.9.11.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Indices is (a, b, c); 

type My_Elementsl • is new FLOAT; 
type My_Elementsl_Squared is new My_Elementsl; 
type My_Elements2 is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type Scalars is new FLOAT; 
• • • 
function "*" (Left    : MyElementsl, 

Right  : My_Elementsl) return My_Elementsl_Squared; 
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function "*" (Left : My_Elements2, 
Right : My_Elements2) return My_Elements2_Squared; 

function "*" (Left  : My_Elenients2t 
Right : Scilars) return My_Elenientsl; 

■ • • 

function "/" (Left     :  MyElementsl, 
Right  :  Scalars) return My_Elements2; 

• ■ • 

function Sqrt (Input : My_Elementsl Squared) return My_Elementsl; 
function Sqrt (Input : My_Elements2~Squared) return My~Elements2; 
• • « 
package V_0pnsl is new 

General_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 
(Vector_Elements       «> My_Elementsl, 
Vector_Elements_Squared «> My~Elementsl_Squared, 
Indices => My~Indices); 

use V_0pnsl; 
• • • 
subtype Vectorsl is V_Opnsl.Vectors(My_Indices); 
• • • 
package V_0pns2 is new 

General_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 
(Vector_Elements       -> My_Elements2, 
Vector~Elements_Squared ■> My~Elements2_Squared, 
Indices •> Ny~Indices); 

use V_0pns2; 
• • • 
subtype VectorsZ is V_0pns2.Vectors(My Indices); 
• • • 
package V_S_0pns is new 

General_Vector_Matrix_Algebra. 
Vector_Scalir_Operations_ünconstrained 

(Elementsl -> My Elementsl, 
Elements2 «> My_Eleraents2, 
Indicesl «> My_Indices, 
Indices2 «> My_Indices, 
Vectorsl «> Vectorsl, 
Vectors2 ■> Vectors2, 
Scalars  *> Scalars); 

use V_S_0pns; 
• • • 
Vectorl : Vectorsl; 
Vector2 : Vectors2; 
Gain   : Scalars; 
• • • 
begin 

• • • 
Vectorl :x Vector2 * Gain; 

3.6.8.2.9.11.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 
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3.6.8.2.9.11.7 DECOMPOSITION 

The following table describes the decomposition of this part: 
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|    Name Type Description                                             | 

1 
1 

function Multiplies each element of a 
vector by a scalar value                   j 
c(i) . a(i) * b                                     | 

1     "V function Divides each element of a vector    | 
by a scalar value                                | 
c(i) - a(i) / b                                   j 

The following table lists the allocation of catalog numbers to this part: 

| Name | Catalog # | 

|  P521-0   j 
|  P522-0   | 

3.6.8.2.9.11.8 PART DESIGN 

None. 

3.6.8.2.9.12 VECT0R_SCALAR_OPERATIONS_C0NSTRAINED (CATALOG #P179-0) 

This package provides the functions to allow the user to multiply or divide 
each element of a vector by a scalar. 

3.6.8.2.9.12.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

VHP 

j Name 
| Requirements | 
j Allocation   j 

I V" 
R065 
R066 

I 

3.6.8.2.9.12.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 
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The following table describes the generic formal  types required by this part: 

| Name I Type Description 

Elementsi 

Elements2 

Scalars 

Indices 
Vectorsl 
Vectors2 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
array 
array 

Type of elements in a vector; 
Elementsl :■ Elements2 * Scalars 

Type of elements in a vector; 
Elements2 := Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 

Used to dimension Vectorsx 
An array of Elementsl 
An array of Elements2 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name 

M/ll 

Type 

function 

function 

|    Description 

& 

i"/ 

| Used to define the operation 
I Elementsl :■ Elements2 * Scalars 
j Used to define the operation 
j Elements2 :- Elementsl / Scalars 

3.6.8.2.9.12.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.12.4 INTERRUPTS 

None. 

3.6.8.2.9.12.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 

type My_Indices is (a, b, c); 
• • • 
type My_Elementsl is new FLOAT; 
type My_Elementsl_Squar3d is new My_Elementsl; 
type My_Elements2 is new FLOAT; 
type My2Elements2_Squared is new My_Elements2; 
type Scalars is new FLOAT; 
• • • 
function "*" (Left : My Elementsl, 

Right : My~Elementsl) return My_Elementsl_Squared; 
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function "*" (Left : My_Elements2, 
Right : My_Elements2) return My_Elements2_Squared; 

• • • 
function "*" (Left    : My_Elements2, 

Right  :  Scalars) return My_Elementsl; 
• t • 

function "/,, (Left    : My_Elementsl, 
Right  :  Scalars) return My_Elements2; 

• • • 
function Sqrt (Input : My_Elementsl_Squared) return Ny_Elementsl; 
function Sqrt (Input : My_Elements2_Squared) return My_Elements2; 
• • • 
package V Opnsl is new 

General_Vector_Matrix_Algebra.Vector Operations_Constrained 
(Vector_Eleients ■> My_Elementsl, 
Vector_Eleinents_Squared => My_Elementsl_Squaredl 
Indices ■> My_Indices); 

use V_Opnsl; 
• • • 
subtype Vectorsl is V_0pnsl.Vectors; 
• • • 
package V_0pns2 is new 

General_Vector_Matrix Algebra.Vector_Operations_Constrained 
(Vector_Elements    ~ "> My_Elements2, 
Vector~Elements_Squared «> My_Elements2_Squared, 
Indices ■> My_Indices); 

use V_0pns2; ~ ' ^.^ 

subtype Vectors2 is V_0pns2.Vectors; 
• • • 
package V_S_Opns is new 

General_Vector_Matrix Algebra.VectorScalarOperations 
(Elementsl ■> My_ETementsl, 
Elements2 >> Ny_Eleinents2, 
Indices  «> My_Indices, 
Vectorsl => Vectorsl, 
Vectors2 «> Vectors2, 
Scalars  »> Scalars); 

use V_S_Opns; 
• • • 
Vectorl : Vectorsl; 
Vector2 : Vectors2; 
Gain   : Scalars; 

begin 

Vectorl  :» Vector2 * Gain; 

3.6.8.2.9.12.6    GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 
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3.6.8.2.9.12.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name Type Description                  | 

l "*»• function Multiplies each element of a | 
vector by a scalar value | 
c(i) - a(i) * b              j 

1 " / " function Divides each element of a vector | 
by a scalar value j 
c(i) - a(i) / b             | 

The following table lists the allocation of catalog numbers to this part: 

Name Catalog # 

|  P523-0 
|  P524-0 

3.6.8.2.9.12.8 PART DESIGN 

f)  None. 

3.6.8.2.9.13 MATRIX_SCALAR_OPERATIONS_UNCONSTRAINED (CATALOG #P180-0) 

This package provides a set of functions which will scale a matrix by 
multiplying or dividing each element of the matrix by a scale factor. 

3.6.8.2.9.13.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

Name 
| Requirements | 

Allocation 

n*it | R073 
j R074 

I 

3.6.8.2.9.13.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 
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The following table describes the generic formal types required by this part: 

Name 

Elements! 

Elements2 

Scalars 

Col 
Imhcesl 

Row 
Imhcesl 

Col 
In3ices2 

Row 
In9ices2 

Matrices! 

Matrices2 

Type | Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 

array 

Type of elements in an array 

Type of elements in an array 

Data type of objects to be used as 
multipliers and divisors 

Used to dimension second dimension of 
Matricesl 

Used to dimension first dimension of 
Matricesl 

Used to dimension second dimension of 
Matrices2 

Used to dimension first dimension of 
Matrices2 

Two dimensional matrix with elements 
of type Elementsl 

Two dimensional matrix with elements 
of type Elements2 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: c 

Name Type 

function 

function 

| Description 

"*« 

j "/" 

Function to define the operation 
Elementsl * Scalars :■ Elements2 
Function to define the operation 
Elements2 / Scalars t*  Elementsl 

3.6.8.2.9.13.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.13.4 INTERRUPTS 

None. 

3.6.8.2,9.13.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part; 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Elementsl is new FLOAT; 
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type My_Elements2 is new FLOAT; 
type Scalars    Is new FLOAT; 
• • • 
type My_Col_Indices is (a, b, c); 
type My_Row_Indices is (x, y, z); 

function "*" (Left : MyElementsl; 
Right : Scalars) return My_Elements2; 

• • • 
function "/" (Left  : My_Elements2; 

Right : Scalars) return My_Eleinentsl; 
• • • 
package M_0pnsl is new 

General_Vector Matrix_Algebra.Matrix_Operations_Unconstrained 
(Collndices => My_Col_Indices, 
Elements        => My_Eleinentsl, 
Row_Indices ■> My_Row_Indices); 

use M_Opnsl; 
• • • 
subtype Matricesl is M_Opnsl.Matrices(My_Row_Indices, My_Col_Indices); 
• • • 
package M_0pns2 is new 

General_Vector_Matrix_Algebra. Mat rix_Operations_Uncons trained 
(Col~Indices «> My_Col_Indices, 

- Elements   •> My_Elements2, 
Row_Indices -=> My_Row_Indices); 

use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices(My_Row_Indices, My_Col_Indices); 
• • • 
package M_S_0pns is new 

General VectorMatrixAlgebra. 
MatrIx_Scalar_Operations unconstrained 

(Elementsi   => My_Elementsl, 
Elements2   => My_Elements2, 
Scalars     => Scalars, 
Col_Indicesl => My_Col_Indices, 
Col_Indices2 => My_Col_Indices, 
Row Indicesl => My_Row_Indices, 
Row_Indices2 => My_Row_Indices, 
Matricesl   => Matricesl, 
Matrices2   => Matrices2); 

use M_S_0pns; 
• • • 
Matrixl : Matricesl; 
Matrix2 : Matrices2; 
Gain   : Scalars; 
• • • 
begin 

• * • 
Matrix2 := Matrixl * Gain; 
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3.6.8.2.9.13.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.13.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

|  Name Type Description 

function | Multiplies each element of an 
m x n matrix by a scalar value 
c(i) = a(i) * b 

function j Divides each element of an m x n 
matrix by a scalar value 
c(i) = a(i) / b 

The following table lists the allocation of catalog numbers to this part: 

Name Catalog # | 

|  P525-0   | 
|  P526-0   | 

3.6.8.2.9.13.8 PART DESIGN 

None. 

3.6.8.2.9.14 MATRIX_SCALAR_OPERATIONS_CONSTRAINED (CATALOG #P181-0) 

This package provides a set of functions which will scale a matrix by 
multiplying or dividing each element of the matrix by a scale factor. 

3.6.8.2.9.14.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

Q 

j  Name 
Requirements 
Allocation 

| R073 
j R07A 



CAMP Software Top Level Design Document Page 489 

3.6.8.2.9.14.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name I Type 

| Elementsi floating 

1 point type 
| Elements2 floating 

1 point type | 
| Scalars floating   { 
| point type | 
| Col discrete   | 
j Indices type     ! 
| Row discrete 
| In3ices type     | 
| Matricesl array     i 

| MatricesZ 

1 
array 

Subprograms: 

Description 

Type of elements in an array 

Type of elements in an array 

Data type of objects to be used as 
multipliers and divisors 

Used to dimension second dimension of 
Matricesx 

Used to dimension first dimension of 
Matricesx 

Two dimensional matrix with elements 
of type Elementsl 

Two dimensional matrix with elements 
of type Elements2 

I 

The following table describes the generic formal subroutines required by this 
part: 

Name Type 

function 

function 

Description 

I 
j "/" 

| Function to define the operation 
j Elementsl * Scalars :«= Elements2 
j Function to define the operation 

Elements2 / Scalars :» Elementsl 

3.6.8.2.9.14.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.14.4 INTERRUPTS 

None. 

3.6.8.2.9.14.5    TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
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type My_Elementsl Is new FLOAT; 
type My_Elements2 is new FLOAT; 
type Scalars    is new FLOAT; 

type My_Col_Indices is (a, b, c); 
type My_Row_Indices is (x, y, z); 
• •  • 
function "*"  (Left    : MyElementsl; 

Right  ;  Scalars)  return My_Elements2; 
• • • 
function "/" (Left : My_Elements2; 

Right : Scalars) return MyElementsl; 

package M_Opnsl is new 
General_Vector_Matrix_Algebra.Matrix_Operations_Constrained 

(Collndices »> My~Col_Indices, 
Elements   ■> My'Elementsi, 
Row_Indlces => My~Row_Indices); 

use M_Opnsl; 
• • • 
subtype Matricesl is MOpnsl.Matrices; 

•  • • 
package M_0pns2 is new 

General_Vector_Matrix_Algebra.Matrix_Operatlons_Constralned 
(Col_Indices ■> My~Col_Indices, 
Elements   ■> My~Elements2, 
Row_Indices" ■> My_Row_Indices); l~j 

use M_Opns2;  " ^ 
• • • 
subtype Matrices2 is N_0pns2.Matrices; 
• • • 
package M_S_Opns is new 

General Vector_Matrix_Algebra. 
Matrix Scalar Operations Constrained 

(Elemental x> My Elementsl, 
Elements2 »> My_Elements2, 
Scalars => Scalars, 
Collndices => My Collndices, 
Row Indices «> My_Row_Indices, 
Matricesl r.> Matricesl, 
Matrices2 K> Matrices2); 

use MS Opns; 

Matrixl : Matricesl; 
Matrix2 : Matrices2; 
Gain : Scalars; 

begin 

Matrix2  := Matrixl * Gain; 
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3.6.8.2.9.14.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.14.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

Name Type Description 

| function | Multiplies each element of an 
m x n matrix by a scalar value 
c(i) = a(i) * b 

function j Divides each element of an m x n 
matrix by a scalar value 
c(i) = a(i) / b 

The following table lists the allocation of catalog numbers to this part: 

| Name Catalog # | 

|  P527-0 
j  P528-0 

3.6.8.2.9.14.8 PART DESIGN 

None. 

3.6.8.2.9.15 DIAG0NAL_MATRIX_SCALAR_OPERATIONS (CATALOG #P182-0) 

This package provides the functions to allow the user to multiply or divide 
each element of a diagonal matrix by a scalar. 

This package has been designed to be instantiated by the diagonal matrix type 
exported by the Diagonal_Matrix Operations package. However, a similarly 
defined diagonal matrix,'define? by the user, may also be used to instantiated 
this package. 

The following exceptions are raised by this part: 

| Name When/Why Raised 

Dimension Error Raised if the lengths of the two imported vector types 
are not of the same length 
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3.6.8.2.9.15.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.6.8.2.9.15.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Elements1 

Elements2 

Scalars 

Diagonal_Rangel 
Diagonal_Range2 
Diagonal_Matrices1 
Diagonal_Matrices2 

I Type 

floating 
point type 
floating 
point type 

floating 
point type 
integer type 
integer type 
array 
array 

Description 

Type of elements in DiagonalMatricesl 

Type of elements in Diagonal_Matrices2 

Data type of scale factor 

Used to dimension Diagonal_Matricesl 
Used to dimension Diagonal_Matrices2 
An array of Elementsl 
An array of Elements2 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

I Name | Type Description 

I function | Multiplication operator defining the operation; 
j I Elementsl * Scalars » Elements2 
I function j Division operator defining the operation: 
j j Elements2 / Scalars - Elementsl 

3.6.8.2.9.15.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.15.4 INTERRUPTS 

None. 

% 
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3.6.8.2.9.15.5 TIMING AND SEQUENCING 

The following shows a sample usage of thi part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Col_Indices is (a, b, c); 
type My~Row_Indices is (x, y, 2); 
• • * 
type My_Elementsl is new FLOAT; 
type My_Elementsl_Squared is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My_Elements2_Squared is new FLOAT; 
type My_Elements3~ is new FLOAT; 

function "*" (Left t  My_Elementsl; 
Right : My_Elementsl) return My_Elementsl_Squared; 

• t * 

function Sqrt (Input : My_Elementsl_Squared) return My_Elementsl; 
• • « 
function "*" (Left  : My_Elements2; 

Right : My_Elements2) return My_Elements2_Squared; 
• • • 
function Sqrt (Input : My_Elements2_Squared) return My_Elements2; 
• • • 
package V_0pns XYZ1 is new 

GeneraT_Vector_Matrix_Algebra.Vector_Operations 
(Vector_Elements       ■> My_Elementsl, 
Vector_Elements_Squared => My_Elementsl_Squared, 
Indices «> My_Row_Indices); 

use V_Opns_XYZl; 
• • • 
subtype Vectors_XYZl is V_Opns_XYZl.Vectors(My_Row_Indices); 
• • • 
package V_Opns XYZ2 is new 

GeneraT_Vector_Matrix_Algebra.Vector_Operations 
(Vector_Elements       *=> My_Elements2, 
Vector_Elements_Squared => My~Elements2_Squared, 
Indices => My_Row_Indices); 

use V_0pns_XYZ2; 
• • • 
subtype Vectors_XYZ2 is V_0pns_XYZ2.Vectors(My_Row_Indices); 
• • • 
package V_0pns ABC1 is new 

GeneraT_Vector_Matrix_Algebra.Vector_Operations 
(Vector_Elements       => My_Elementsl, 
Vector_Elements_Squared => My_Elementsl_Squared, 
Indices => My_Col_Indices); 

use V_Opns_ABCl; 
• • • 
subtype Vectors_ABCl is V_Opns_ABCl.Vectors(My_Col_Indices); 
• • • 
package V_Opns ABC2 is new 

GeneraT_Vector_Matrix_Algebra.Vector_Operations 
(Vector_Elements "    => My_Elements2, 
Vector~Elements_Squared => My_Elements2_Squared, 
Indices => My Col Indices); 
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use V_0pns_ABC2; 
• • • 
subtype Vectors_ABC2 is V_0pns_ABC2.Vectors(My_Col_Indices); 

package Diagonal_M_Opnsl is new 
General_Vector_Matrix_Algebra. 

Diagonal_Matrix_Opirations 
(Elements    => My_Elementsl, 
Col_Indices  => My_Col_Indices, 
Row_Indlces  => My_Row~Indices, 
ColSlices   *> VectorsXYZl, 
Row_Slices   => VectorsABCl); 

use Diagonal_N_Opnsl; 
• • • 
package Diagonal_M_0pns2 is new 

General_Vector_Matrix_Algebra. 
Diagonal Matrix Opirations 

(Elements => My_Elements2, 
Col_Indices »> My_Col_Indicest 
Row Indices ■=> My-Row_Indices, 
Col_Slices «> Vectori XYZ2, 
Row_Slices => Vectors_ABC2); 

use Diagonal_M_0pns2; 

package D_S_Opns is new 
Gineral_Vector_Matrix_Algebra. 

Diagonal Hatrix Scalar Operations 
(Elementsl ~    ~-> My_Elementsl, f*^- 
Elements2       «> My~Elements2, ^w 
Scalars -> My_Elements3, 
Diagonal_Rangel   ■> Diagonal_M Opnsl. 

DiagonaI_Range, 
Diagonal_Range2   ■> DiagonalH 0pns2. 

DiagonaT_Range, 
Diagonal_Matricesl => Diagonal_M Öpnsl. 

DiagonaI_Matrices9 
Diagonal_Matrices2 => Diagonal_M 0pns2. 

DiagonaI_Hatrices); 
use D_S Opns; 
• • • 
Diag_Matrixl : Diagonal_M_Opnsl.Diagonal_Matrices; 
Diag_Matrix2 : Diagonal~M_0pns2.Diagonal_Matrices; 
Scale_Factor : My_Elements3; 
• • • 
begin 

• • • 
Diag_Matrix2 := Diag_Matrixl * ScaleFactor; 

3.6.8.2.9.15.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 
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3.6.8.2.9.15.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name | Type   | Description 

,«*,,   I function I Multiplies each element of a diagonal matrix by a 
scalar value 
a(i) - b(i) * c 

Divides each element of a diagonal matrix by a scalar 
value 
a(i) « b(i) / c 

function 

The following table lists the allocation of catalog numbers to this part: 

Name Catalog # | 

|  P529-0   | 
I  P530-0   I 

3.6.8.2.9.15.8 PART DESIGN 

(t-'  None. 

3.6.8.2.9.16 MATRIX_VECTOR_MULTIPLY_UNRESTRICTED (CATALOG #P183-0) 

This package contains a function which multiplies an m x n matrix by an n x 1 
vector producing an m x 1 vector. If the length of the second dimension of the 
matrix is not the same as the length of the input vector, a DIMENSION_ERROR 
exception is raised. None of the ranges need to be the same. 

The function in this package can be made to handle sparse matrices and/or 
vectors by tailoring the imported "+" and "*" functions (see sections 
describing generic formal subprograms and calling sequence). 

The following exceptions are raised by this part: 

Name When/Why Raised 

Dimension_Error | Raised if the length of the second dimension of the     | 
I  input matrix is not the same as the length of the vectorj 

3.6.8.2.9.16.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R069. 
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3.6.8.2.9.16.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name I Type | Description I 
Matrix_Elements 

Input_Vector_Elements 

Output_Vector_Elements 

Col_Indices 

Row_Indices 

Input_Vector_Indices 
Output Vector_Indices 
Input_Ratrices 
Input~Vectors 
Output_Vectors 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
discrete 
array 
array 
array 

Type of elements in the input matrix 

Type of elements in the input vector 

Type of elements in the output 
vector 

Used to dimension second dimension 
of input matrix 

Used to dimension first dimension 
of input matrix 

Used to dimension input vector 
Used to dimension output vector 
Data type of input matrix 
Data type of input vector 
Data type of output vector 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 

Name    | Type Description 

"*" function 

function 

Function defining the operation 
Matrlx_Elements * Input_Vector_Elements 
Output_Vector_Elements 

Functlon_defining the operation 
Output_Vector_Elements + 
Output_Vector_Elements := 
Output_Vector_Elements 

3.6.8.2.9.16.3 LOCAL ENTITIES 

None. 
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3.6.8.2.9.16.4 INTERRUPTS 

None. 

3.6.8.2.9.16.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part where neither the input 
matrix or vector are sparse: 

with General_Vector_Matrix_Algebra; 

type My_Elementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My_Elements3 is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 

type My_Col_Indices is (a, b, c); 
type My~Row Indices is (x, y, z); 
type My_IndTces    is (i, j, k); 
• • • 
function "*" (Left  : MyElementsl, 

Right : My_Elements2) return My_Elements3; 

function "*" (Left : My Elements2, 
Right s MyjElements2) return My_Elements2_Squared; 

• • • 
function "*" (Left : My_Eleraents3, 

Right : My_Elements3) return My_Elements3_Squared; 

function Sqrt (Input : My_Elements3 Squared) return My_Elements2; 
function Sqrt (Input i My_ElementsjJSquared) return My~Elements3; 

package M_Opnsl is new 
General_Vector_Matrix_Algebra.Matrix_Operations Unconstrained 

(Col Indices => My_Col Indices, 
Elements   => My_Elementsl, 
Row Indices ■> My_Row_Indices); 

use M_0pnsl; 

subtype Matricesl is M_Opnsl.Matrices(My_Row_Indices, My_Col_Indices); 
• • • 
package V_0pns2 is new 

General_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 
(Vector_Elements       => My_Elements2, 
Vector_Elements_Squared => My~Elements2_Squared, 
Indices => My_Indices); 

use V_0pns2; 
• • • 
subtype Vectors2 is V_0pns2.Vectors(My_Indices); 

package V_0pns3 is new 
General Vector_Matrix_Algebra.Vector_Operations_Unconstrained 

(Vector_Elements ~    => My_Elements3, 
Vector_Elements_Squared => My~Elements3_Squared, 
Indices => My Indices); 



CAMP Software Top Level Design Document 

use V_0pns3; 
• • • 
subtype Vectors3 is V_0pns3.Vectors(My_Indices); 
• • • 
function "*" is new 

General Vector_Matrix Algebra. 
Matrix Vector Multiply Unrestricted 

Page 498 

(Matrix_Elements => My_Elementsl, 
Input_Vector_Elements => My~Elements2, 
Output Vector_Elements => My_Elements3, 
Col_In3ices => MyCol Indices, 
Input_Vector_Indices => My~lndlces, 
Output Vectorlndices => My~Indices, 
Row_InEices ■> My Row Indices, 
Input_Matrices .> Matricesl, 
Input_Vectors => Vectors2, 
Output Vectors => Vectors3); 

Matrixl : Matricesl; 
Vector2 : Vectors2; 
Vector3 : Vectors3; 

begin 
• • • 

Vectors Matrixl- * Vector2; 

The following shows a sample usage of this part where the input 
matrix is sparse: 

with General_Vector_Matrix_Algebra; 
• • • 

type MyElementsl is new FLOAT; 
type My~Elements2 is new FLOAT; 
type My~Elements2_Squared is new My_Elements2; 
type My~Elements3 is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 
• • • 
type My_Col_Indices is (a, b, c); 
type My_Row_Indices is (x, y, z); 
type My_lndlces    is (i, j, k); 
• • • 
function Sparse Left_Multiply 

(Leit :~My_Elernen t s1; 
Right s My_Elements2) return My_Eleraents3; 

• • • 
function Sparse Left_Add 

(Lelt : My_Elements3; 
Right : My Elements3) return My Elements3; 

function ,,*" (Left 
Right ; 

• • • 
function "*" (Left 

Right : 
• • • 
function Sqrt (Input 
function Sqrt (Input 

My_Elements2, 
My_Elements2) return My_Elements2_Squared; 

My_Elements3, 
My_Elements3) return My_Elements3_Squared; 

: My_Elements2_Squared) return My_Elements2; 
: My_Elements3_Squared) return My_Elenients3; 
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package Sparse M_Opnsl is new 
GeneraT_Vector_Matrix_Algebra. 
Dynamically Spärse_Matrix_Operations_Unconstrained 

(Col_IndTces -> My_Col_Indices, 
Elements        => My~Elementsl, 
Rov_Indices *> My~Row_Indices); 

use Sparse_M_Opnsl; 
• • • 
subtype Sp_Matricesl is Sparse_M_0pn5l. 

MatricesTMy_Row_Indices, My_Col_Indices); 

package V_0pns2 is new 
Gineral_Vector Matrix_Algebra.Vector_Operations_Unconstrained 

(Vector_Elements       => My_Elements2, 
Vector_Elements_Squared => My_Elements2_Squared, 
Indices => My_Indices); 

use V_0pns2; 
• • • 
subtype Vectors2 is V_0pns2.Vectors(My_Indices); 
• • • 
package V_0pns3 is new 

General_Vector_Matrix_Algebra.Vector_Operations_Unconstrained 
(Vector_Elements -    ■> My_Elements3, 
Vector_Elements_Squared => My_Elements3_Squared, 
Indices      "      »> My~Indices)5~ 

use V OpnsS; 

subtype Vectors3 is V_0pns3.Vectors(My Indices); 

package M_V_Mult is new 
General Vector Matrix Algebra. 

Matrix Vector Multiply Unrest 
(Matrix_Elements 
Input_Vector_Elements 
Output Vector_Elements 
Col_In3ices 
Inpüt_Vector_Indices 
Output Vector_Indices 
Row_In3ices 
InpütMatrices 
Input_Vectors 
Output_Vectors 

use M V Mult; 

ricted 
My_Elementsl, 
My_Elements2, 
My_Elements3, 
My^Col Indices, 
My_lndlces, 
My~Indices, 
My~Row_Indices, 
Sp~Matricesl, 
Vectors2, 
Vectors3, 
Sparse_Left_Multiply, 
Sparse Left Add); 

Sp Matrixl 
Vector2 
Vector3 

Sp_Matricesl; 
Vectors2; 
Vectors3; 

function Sparse Left_Multiply 
(Left : My_Elementsl; 
Right : My Elements2) return My_Elements3 is 
My Elements!; Answer 

begin 
if Left 0.0 then 



CAMP Software Top Level Design Document Page 500 

Answer :■ My_Elements3(Right); 
else 

Answer :- My_Eleinents3(Left * MyElementsl (Right)); 
end if; 
return Answer; 

end Sparse_Left_Multiply; 
• • • 
function Sparse Left_Add 

(Lelt : My_Elements3; 
Right : My Elementsß) return My_Elements3 is 

Answer : My_Elements5; 
begin 

if Left - 0.0 then 
Answer :- Right; 

else 
Answer :■ Left + Right; 

end if; 
return Answer; 

end Sparse_Left_Add; 
• • • 
begin 
• • • 

Vector3 :» Sp_Matrixl * Vector2; 

3.6.8.2.9.16.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. f^j 

3.6.8.2.9.16.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name | Type   | Description | 

| "*"   | function | Multiplies an m x n matrix by an n x 1 vector,       | 
|      j        | returning the resultant m x 1 vector | 
|      |        | c(i) :. a(i,j) * b(j) | 

The following table lists the allocation of catalog numbers to this part: 

| Name | Catalog # 

I "*" I  P531-0 

3.6.8.2.9.16.8 PART DESIGN 

None. 

# 
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3.6.8.2.9.17 MATRIX_VECTOR_MULTIPLY_RESTRICTED (CATALOG #P184-0) 

This function multiplies an m x n matrix by an n x 1 vector producing an m x 1 
vector. 

The function can bs made to handle sparse matrices and/or vectors by tailoring 
the imported "+" and ***  functions (see sections describing generic formal 
subprograms and calling sequence). 

3.6.8.2.9.17.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R069. 

3.6.8.2.9.17.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type Description 

Type of elements in the input matrix 

Type of elements in the input vector 

Type of elements in the output 
vector 

Used to dimension first dimension 
of input matrix and to dimension 
the output vector 

Used to dimension second dimension 
of input matrix and to dimension 
the input vector 

Data type of input matrix 
Data type of input vector 
Data type of output vector 

| Matrix Elements floating 
point type | 

| Input Vector Elements floating   { 
point type | 

| Output Vector Elements floating   ! 
point type | 

| Indicesl discrete   | 
type     | 

j Indices2 discrete   j 
type     | 

j Input Matrices array     j 
| Input Vectors array     | 
j Output_Vectors array     i 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 
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| Name Type 

function 

function 

| Description 

Function defining the operation 
Matrix_Elements * Input_Vector_Elements 
Output_Vector_Elements~ 

Function defining the operation 
Output_Vector_Elements + 
Output Vector_Elements := 
Output Vector Elements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name | Type Mode | Description 

Matrix | Input_Matrices | In 
Vector j Input Vectors j In 

| M x N input matrix 
N-element vector 

3.6.8.2.9.17.3 INTERRUPTS 

None. 

3.6.8.2.9.17.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part where neither the input 
matrix or vector are sparse: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Elementsl      is new FLOAT; 
type My_Elements2       is new FLOAT; 
type My_Elements2_Squared is new My Elements2; 
type My_Elements3_     is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 
• * • 
type My_Indicesl is (x, y, z); 
type My Indices2 is (a, b, c); 

function "*" (Left ; 
Right : 

function "*" (Left 
Right ; 

function "*" (Left i 
Right : 

• • • 
function Sqrt (Input 
function Sqrt (Input 

My_Elementsl, 
My~Elements2) return My_Elements3; 

My_Elements2, 
My_Elements2) return My_Elements2_Squared; 

My_Elements3, 
My_Elements3) return My_Elements3_Squared; 

i My_Elements2_Squared) return My_Elements2; 
i My~Elements3~Squared) return My Elements3; 
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package M_0pnsl is new 
General_Vector_Matrix_Algebra. Mat rix_Operations_Cons trained 

(Col_Indices ■> My_Indices2, 
Elements   => My_Elementsl, 
Row_Indices => My_Indicesl); 

use M_Opnsl; 
• • • 
subtype Matricesl is M_0pnsI.Matrices; 

package V_0pns2 is new 
General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 

(Vector_Eleinents       => My_Elements2, 
Vector~Elements_Squared => My_Elements2_Squared, 
Indicei      ~      => My_Indicesl)T 

use V_0pns2; 
• • * 
subtype Vectors2 is V_0pns2.Vectors; 

package V_0pns3 is new 
General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 

(Vector_Elements       => My_Elements3, 
Vector_Elements_Squared => My~Elements3_Squared, 
Indices => My~Indices2); 

use V_Opns3; 
• • • 
subtype Vectors3 is V_0pns3.Vectors; 
• • • 
function "*" is new 

General Vector_Matrix Algebra. 
MatrTx_Vectör_MultIply_Cons trained 

(Matrix Elements ■> My_Elementsl, 
InputJ/ector_Elements «> My_Elements2, 
Output_Vector_Eleroents => My_Elements3, 
Indicesl => Mylndicesl, 
Indices2 => My_Indices2, 
Input_Matrices       => Matricesl, 
Input~Vectors        => Vectors2, 
Output_Vectors       => Vectors3); 

Matrixl : Matricesl; 
Vector2 : Vectors2; 
Vector3 : Vectors3; 
• • • 
begin 
• • • 

Vector3 := Matrixl * Vector2; 

The following shows a sample usage of this part where the input 
matrix is sparse: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Elementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My_Elements3 is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 
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type My_Indicesl Is (xr y, z); 
type My_Indlces2 is  (a, b, c); 

function Sparse Left_Multiply 
(Lelt : My_Elementsl; 
Right : My_Elements2) return My_Elements3; 

function Sparse Left_Add 
(LeTt  : My_Elements3; 
Right : My_Elements3) return MyElementsS; 

• • • 
function "*" (Left : My_Eleinents2, 

Right : My~Elements2) return My_Elements2_Squared; 

function n*n  (Left : MyElementsS, 
Right ; My~Elements3) return My_Elements3_Squared; 

• • • 
function Sqrt (Input : My_Elements2_Squared) return My_Elements2; 
function Sqrt (Input : My~Elements3_Squared) return My_Elements3; 
• • • 
package Sparse M_0pnsl is new 

GeneraT_Vector_Matrix_Algebra. 
Dynamically Sparse Matrix Operations_Constrained 

(Col_IndTces «> My_lndlces2, 
Elements   ■> My~Elementsl, 
Rov_Indices ■> My~Indicesl); -^ 

use Sparse_M_0pnsl; V_y 
• • • 
subtype Sp_Matricesl is Sparse_M_Opnsl.Matrices; 
• • • 
package V_0pns2 is new 

General_Vector_Matrix_Algebra.Vector_Operations_Constrained 
(VecTor_Eleients       «> My_Elements2, 
Vector_Elements_Squared => My_Elements2_Squared, 
Indices => My_Indicesl); 

use V_0pns2;    , 
• • • 
subtype Vectors2 is V_0pns2.Vectors; 
• • • 
package V_0pns3 is new 

General_Vector_Matrix_Algebra.Vector Operations Constrained 
(Vector_Eleinents       => My_Eliments3, 
Vector_Elements_Squared => My_Elements3_Squared, 
Indices => My_Indices2); 

use V_0pns3; 
• • • 
subtype Vectors3 is V_0pns3.Vectors(My_Indices); 

package M_V_Mult is new 
General Vector_Matrix_Algebra. 

MatrTx_Vectör Multiply_Restrieted 
(Matrix_Elenients => My_Elementsl, 
Input_Vector_Elements => My_Elements2, 
Output_Vector_Elements => My~Elements3, 
Indicesl => My_Indicesl, 
Indices2 => My Indices2, 
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Input_Matrices => Sp_Matricesl, 
lnput_Vectors »> Vectors2, 
Output Vectors => Vectors3, 
"*"  ~ => Sparse_Left Multiply, 
"+" => Sparse_Left~Add); 

use M_V_Mult; 

Sp_Matrixl : SpMatricesl; 
Vector2   : Vectors2; 
Vector3   : Vectors3; 
• • • 
function Sparse Left_Multiply 

(Lelt : My_Elementsl; 
Right : My~Elements2) return My_Elements3 is 

Answer : My_Elements3; 
begin 

if Left - 0.0 then 
Answer !x My_Eleraents3(Right); 

else 
Answer  z- My_Elements3(Left * MyElementsl(Right)); 

end if; 
return Answer; 

end SparseJLeft_Multiply; 
• • • 
function Sparse Left Add 

(Lelt    :~My_Elements3; 
€ Right  : My~Eleinents3) return My_Eleinents3 is 

Answer : My_Eleraents3; 
begin 

if Left > 0.0 then 
Answer :• Right; 

else 
Answer :• Left + Right; 

end if; 
return Answer; 

end Sparse_Left_Add; 

begin 
• • • 

Vectors :« SpMatrixl * Vector2; 

3.6.8.2.9.17.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.2.9.17.6 DECOMPOSITION 

None. 

3.6.8.2.9.18 VECTOR_MATRIX_MULTIPLY_UNRESTRICTED (CATALOG #P185-0) 

^jfo This package contains a function which multiplies a 1 x m vector by an m x n 
^  matrix producing a 1 x n vector. If the length of the vector is not the same 

as the length of the first dimension of the matrix a DIMENSI0N_ERR0R exception 
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is raised. None of the ranges need to be the same. 

The function in this package can be made to handle sparse matrices and/or 
vectors by tailoring the imported "+" and "*" functions (see sections 
describing generic formal subprograms and calling sequence). 

The following exceptions are raised by this part: 

Name | Vhen/Vhy Raised 

Dimension_Error | Raised if the length of the vector is not the same as 
|  the length of the first dimension of the input matrix 

3.6.8.2.9.18.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.18.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
y „„.■ 

| Name Type |  Description 

Input Vector Elements floating   | 
point type | 

Matrix Elements floating   | 
point type | 

Output Vector Elements floating   | 
point type | 

Col Indices discrete   | 
type    I 

Row Indices discrete   | 
type     | 

Input Vector Indices discrete   | 
Output Vector Indices discrete   | 
Input Matrices array     | 
Input Vectors array     | 
OutputVectors array     | 

Type of elements in the input vector 

Type of elements in the input matrix 

Type of elements in tfye output 
vector 

Used to dimension second dimension 
of input matrix 

Used to dimension first dimension 
of input matrix 

Used to dimension input vector 
Used to dimension output vector 
Data type of input matrix 
Data type of input vector 
Data type of output vector 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 
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Name i    Type 

|   function 
I 
I 
|   function 

|     Description 

"*" Function defining the operation 
Input_Vector_Elements * Matrix_Elements 
Output_Vector_Elements 

Function defining the operation 
Output_Vector_Elements + 
Output Vector_Elements := 
Output Vector Elements 

3.6.8.2.9.18.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.18.4 INTERRUPTS 

None. 

3.6.8.2.9.18.5    TIMING AND SEQUENCING 

The following shows a sample usage of this part where neither the input 
matrix or vector are sparse: 

with General_Vector_Matrix_Algebrai 
• • • 

type MyElementsl       is new FLOAT; 
type My_Elements2      is new FLOAT; 
type My~Elements2_Squared is new My_Elements2; 
type My~Elements3       is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 

type My_Col_Indices is (a, b, c); 
type My_Row Indices is (x, y, z); 
type My Indices    is (i, j, k); 

function "*" (Left 
Right ; 

function "*" (Left 
Right i 

• ■ • 

function "*" (Left 
Right ; 

• • • 
function Sqrt (Input 
function Sqrt (Input 

My_Elementsl, 
My_Elements2) return My_Elements3; 

My_Elements2, 
My_Elements2) return My_Elements2_Squared; 

My_Elements3, 
My_Eleraents3) return My_Elements3_Squared; 

: My_Elementsl_Squared) return My_Elenientsl; 
: My_Elements3~Squared) return My_Elements3; 

package V_0pnsl is new 
General_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 

(Vector Elements ~    => My_Elementsl, 
Vector~Elements_Squared => My_Elementsl_Squared, 
Indices => My Indices); 
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use V_0pnsl5 
• • • 
subtype Vectorsl Is V_Opnsl.Vectors(My_Indices); 
• • • 
package M_0pns2 is new 

General_Vector Matrix_Algebra.Matrix_Operations_Unconstrained 
(Col_Indices -> My_Col_Indices, 
Elements        => My_Eleients2, 
Row_Indices => My_Row_Indices); 

use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices(My_Row_Indices, My_Col_Indices); 
• • • 
package V_0pns3 is new 

General_Vec tor_Ma t r ix_Algebra. Vec tor_0pera t ions_Uncons t rained 
(Vector_Elements => My_Elements3, 
Vector_Elements_Squared => My_Elements3_Squared, 
Indices -> My~Indices); 

use V_0pns3; 
• • • 
subtype Vectors3 is V_0pns3.Vectors(My_Indices); 
• • • 
function "*" is new 

General Vector Matrix Algebra. 
Vector Matrix Multiply Unrestricted 

(MatrixElements -> My_Elements2, 
Input_Vector_Elenients => My Elementsl, 
Output Vector_Elements => My_Elements3, 
Col_In3ices «> My_Col Indices, 
Input_Vector_Indices => My_lndlces, 
Output Vector_Indices -> My_Indices, 
Row_In3ices => My_Row_Indices, 
Inpüt_Vectors »> Vectorsl, 
Input~Matrices => Matrices2, 
Output Vectors => Vectors3); 

c 

Vectorl : Vectorsl; 
Matrix2 : Matrices2; 
Vector3 : Vectors3; 
• • • 
begin 
• • • 

Vector3 :- Vectorl * Matrlx2; 

The following shows a sample usage of this part where the input 
matrix is sparse: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Elementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My_Elements3 is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 
• • • 
type My_Col_Indices is (a, b, c); 
type My~Row~Indices is (x, y, z); 
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type MyJEndices    is  (i, j, k); 

function Sparse Left_Multiply 
(Lelt : MyElementsl; 
Right : My_Elements2) return My_Elements3; 

• • • 
function Sparse Left_Add 

(Lelt : My_Elements3; 
Right : My_Elements3) return My_Elements3; 

• • • 
function ''*" (Left : My_Elements2, 

Right : My_Eleinents2) return My_Elements2_Squared; 

function n*n  (Left : My_Elements3, 
Right : My_Elements3) return My_Elements3_Squared; 

• • • 
function Sqrt (Input : My_Elementsl_Squared) return My_Elementsl; 
function Sqrt (Input : My_Elements3~Squared) return My_Elenients3; 

package V_0pnsl is new 
Gineral_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 

(Vector_Elements       => My_Elernentsl, 
Vector_Elements_Squared => My~Elementsl_Squared, 
Indices ■> My~Indices);~ 

use V_0pnsl; 
• • • 
package Sparse M_0pns2 is new 

GeneraI_Vector_Matrix_Algebra. 
Dynamically Sparse_Matrix_Operations_Unconstrained 

(Col_IndTces «> My_Col~Indices, 
Elements        ■> My_Elements2, 
Rov_Indices ■> My_Row_Indices); 

use Sparse_M_0pns2; 

subtype Sp_Matrices2 is Sparse_M_0pns2. 
Matrices(My_Row_Indices,  My_Col_Indices)5 

• •  • 
package V_0pns3 is new 

Gineral_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 
(Vector_Elements    ~ *> My_Eliments3, 
Vector_Elements_Squared => My_Elements3_Squared, 
Indices => My_Indices); 

use V_0pns3; 
• • • 
subtype Vectors3 is V_0pns3.Vectors(My_Indices); 
• • • 
package V_M_Mult is new 

General_Vector_Matrix Algebra. 
Vectör_Matrix_MultIply_Unres trie ted 

(Matrix_Eliments => My_Elements2, 
Input_Vector_Elements => My_Elementsl, 
Output Vector_Elements => My_Elenients3, 
Col_In3ices => My_Col_Indices, 
Input_Vector_Indices => My_Indices, 
Output Vector_Indices => My~Indices, 
Row_In3ices => My_Row_Indices, 
Input Vectors       => Vectorsl, 
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Input_Matrlces       ■> Sp_Matrices2, 
Output_Vectors       => Vectors3, 

use V M Mult; 

"*" -> Sparse_Left_Multiply, 
> Sparse_Left_Add); 

t*^*. 

Vectorl   : Vectorsl; 
Sp_Matrix2 : Sp_Matrices2; 
Vector3   : VectorsS; 

function Sparse Left_Multiply 
(LeTt : My_Elementsl; 
Right : My Eleinents2) return My_Elements3 is 

Answer : My_Elements3; 
begin 

if Left - 0.0 then 
Answer s« My_Elements3(Right); 

else 
Answer  :« My_Elernents3(Left * My_Elementsl(Right)); 

end if; 
return Answer; 

end SparseLeftMultiply; 
• • • 
function Sparse Left_Add 

(Lelt : My_Eleinents3; 
Right : My~Elements3) return My_Elements3 is 

Answer : My_Elements3; 
begin 

if Left « 0.0 then 
Answer :> Right; 

else 
Answer :■ Left + Right; 

end if; 
return Answer; 

end Sparse_Left_Add; 
tat 

begin 
• • • 

Vector3 := Vectorl * Sp_Matrix2; 

3.6.8.2.9.18.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.18.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name | Type   | Description | 

| "*"   | function | Multiplies a 1 x m vector by an m x n matrix,        | 
j      j        j  returning the resultant 1 x n vector j $(< 
|       |        |  c(j) := a(i) * b(i,j) | ^ 
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The following table lists the allocation of catalog numbers to this part: 

| Name | Catalog # 

| "*" |  P1052-0 

3.6.8.2.9.18.8 PART DESIGN 

None. 

3.6.8.2.9.19 VECTOR_MATRIX_MULTIPLY_RESTRICTED (CATALOG #P186-0) 

This package contains a function which multiplies a 1 x m vector by an m x n 
matrix producing a 1 x n vector. 

The calculations performed are as follows: 
c(j) := a(i) * b(i,j) 

The function can be made to handle sparse matrices and/or vectors by tailoring 
the imported "■•■" and "*" functions (see sections describing generic formal 
subprograms and calling sequence). 

3.6.8.2.9.19.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.19.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

£* 
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| Name 

Matrlx_Elements 

Input_Vector_Elements 

Output_Vector_Elements 

Indicesl 

Indices2 

Input_Matrices 
Input~Vectors 
Output Vectors 

Type Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 
array 
array 

Type of elements in the input matrix 

Type of elements in the input vector 

Type of elements in the output 
vector 

Used to dimension first dimension 
of input matrix and to dimension 
the output vector 

Used to dimension second dimension 
of input matrix and to dimension 
the input vector 

Data type of input matrix 
Data type of input vector 
Data type of output vector 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 

Name Type 

function 

function 

Description ^gS? 

Function defining the operation 
Input_Vector_Elements * Matrix_Elements 
OutpütVectorElements 

Function defining the operation 
Output_Vector_Elements + 
Output_Vector_Elements := 
Output Vector Elements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name | Type Mode | Description 

Vector | Input_Vectors  | In 
Matrix j Input_Matrices | In 

M-element vector 
M x N input matrix 

3.6.8.2.9.19.3 INTERRUPTS 

None. 
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3.6.8.2.9.19.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part where neither the input 
matrix or vector are sparse: 

with General_Vector_Matrix_Algebra; 
• • • 

type My Elementsl       is new FLOAT; 
type My~Elements2       is new FLOAT; 
type My Elements2_Squared is new My Elements2; 
type My~Elements3       is new FLOAT; 
type My~Elements3_Squared is new My_Elements3; 
• • • 
type My_Indicesl is (x, y, z); 
type My~Indices2 is (a, b, c); 
• • • 
function "*" (Left : My_Elementsl, 

Right : My_Elements2) return My_Elements3; 

function "*" (Left  : My_Elements2, 
Right : My_Elements2) return My_Elements2_Squared; 

• • • 
function "*" (Left : My_Elements3, 

Right : My_Elements3) return My_Elements3_Squared; 
• • • 
function Sqrt (Input : My_Elementsl_Squared) return My_Elementsl; 

fl,     function Sqrt (Input : My_Elements3~Squared) return My Elements3; 

package V_0pnsl is new 
General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 

(Vector_Elements       => My_Elementsl, 
Vector2Elements_Squared ■> My_Elementsl_Squared, 
Indices      ~      ■> My_Indicesl)T 

use V_0pn.';;l; 
• • • 
subtype Vectorsl is V_Opnsl.Vectors; 
» • • 
package M_0pns2 is new 

General_Vector_Matrix_Algebra. Mat rix_Operations_Cons trained 
(Collndices => My_Indices2, 
Elements   »> My_Elements2, 
Row_Indices => My_Indicesl); 

use M_0pns2; 

subtype Matrices2 is M_Opns2.Matrices; 

package V_0pns3 is new 
General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 

(VecTor_Elements       => My Elements3, 
Vector_Elements_Squared => My_Elements3_Squared, 
Indices => My_Indices2); 

use V_0pns3; 
• • • 
subtype Vectors3 is V_0pns3.Vectors; 

w' function "*" is new 
General Vector Matrix Algebra. 
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Vector_Matrix_Multiply_Cons trained 
(Matrix_Elements => My_Elenients2, 
Input_Vector_Elements => My"Kiementsl, 
Output VectorElements => My_Elements3, 
Indicesl => My_Indicesl, 
Indices2 => My_Indices2, 
lnput_Vectors        => Vectorsl, 
Input_Matrices       => Matrices2, 
Output_Vectors       => Vectors3); 

• • • 
Vectorl : Vectorsl; 
Matrix2 : Matrices2; 
Vector3 : Vectors3; 

begin 

Vectors :« Vectorl * Matrlx2; 

The following shows a sample usage of this part where the input 
matrix is sparse: 

with General_Vector_Matrix_Algebra; 
• • • 

type MyElementsl is new FLOAT; 
type My~Elements2 is new FLOAT; 
type My Elements2_Squared is new My_Elements2; 
type My_Elements3~ is new FLOAT; 
type My_Elements3_Squared is new My_Elements3; 
• • • 
type My_Indicesl is (x, y, z^; 
type My_Indices2 is (a, b, c); 
• • • 
function Sparse Left_Multiply 

(Lelt : MyElementsl; 
Right : My_Elements2) return My_Elements3; 

function Sparse Left_Add 
(Lelt : My_Elements3; 
Right : My Elements3) return My Elements3; 

function "*" (Left 
Right : 

• * • 
function "*" (Left : 

Right ! 
• • • 
function Sqrt (Input 
function Sqrt (Input 

My_Elements2, 
My_Elements2) return My_Elements2_Squared; 

My_Elements3, 
My_Elements3) return My_Elements3_Squared; 

; My_Elementsl_Squared) return My_Elementsl; 
: My_Elements3_Squared) return My_Elements3; 

package VOpnsl is new 
General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 

(Vector_Elements       => My_Elementsl, 
Vector_Elements_Squared => My_Elementsl_Squared, 
Indices => My_Indicesl); 

use V_Opnsl; 
• • • 
subtype Vectorsl is V Opnsl.Vectors; 
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package Sparse M_0pns2 is new 
GeneraI_Vector_Matrix_Algebra. 
Dynamically Sparse_Matrix Operations Constrained 

(ColIndTces => My_IndTces2, 
Elements        «> My_Elements2, 
Row_Indices «> My_Indicesl); 

use Sparse_M_0pns2; 

subtype Sp_Matrices2 is Sparse_M_0pns2.Matrices; 
• • • 
package V_0pns3 is new 

General Vector_Matrix_Algebra.Vector_Operations_Constrained 
(Vector_Elements => My_Elements3, 
Vector~Elements_Squared => My~Elements3_Squared, 
Indices «> My~Indices2)7 

use V__0pns3; 
• •  • 
subtype Vectors3 is V_0pns3.Vectors(My_Indlces); 

package V_M_Mult is new 
General Vector Matrix Algebra. 

Vector MatrTx_MultTply_Restricted 
(MatrixElements «> My_Elements2, 
Inpu t_Vec t or_Elemen t s ■> My_Elementsl, 
Output_Vector_Elements => My~Elements3, 
Indices1 «> My Indicesl, 
Indices2 -> My Indices2, 
InputMatrices => Sp Matrices2, 
Input~Vectors => Vectorsl, 
Output Vectors -=> Vectors3, 
"*" »> Sparse_Left_Multiply 
« . n ■> Sparse_Left~Add); 

use V_M_Mult; 
« • • 

Vectorl*  : Vectorsl; 
Sp Matrix2 : Sp Matrices2; 
Vector3   : Vectors3; 

function Sparse Left_Multiply 
(LeTt :_My_Elementsl; 
Right : My Elements2) return My_Elements3 is 

Answer : My_Elements5; 
begin 

if Left = 0.0 then 
Answer := My_Elements3(Right); 

else 
Answer := My_Elements3(Left * My_Elementsl(Right)); 

end if; 
return Answer; 

end Sparse_Left_Multiply; 
• • • 
function Sparse Left_Add 

(Lelt    : My_Elements3; 
Right  : My Elements3) return My_Elements3 is 

Answer : My_Elernents3; 
begin 
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if Left = 0.0 then 
Answer :■ Right; 

else 
Answer := Left + Right; 

end if; 
return Answer; 

end Sparse_Left_Add; 
■ • • 

begin 
• • • 

Vector3  :■ Vector2 * SpMatrixl; 

3.6.8.2.9.19.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.2.9.19.6 DECOMPOSITION 

None. 
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3.6.8.2.9.20 VECTOR_VECTOR_TRANSPOSE_MULTIPLY_UNRESTRICTED (CATALOG #P187-0) 

This package contains a function which multiplies an m x 1 vector by the 
transpose of an n x 1 vector, returning the resultant m x n matrix. 

The following exceptions are raised by this part: 

| Name When/Why Raised 

Raised if the length of the left input vector is not the 
same as the length of the first dimension of the output 
matrix or if the length of the right input vector is 
not the same as the second dimension of the output 
matrix 

3.6.8.2.9.20.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.20.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name I Type Description 

Left_Vector_Elements 

Right_Vector_Elements 

Matrix_Elements 

Left_Vector_Indices 
Rlght_Vector_Indices 
Col_Indices 

Row_Indices 

Left_Vectors 
Right_Vectors 
Matrices 

floating 
point type 
floating 
point type 

floating 
point type 

discrete 
discrete 
discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
vector 

Data type of elements in right input 
vector 

Data type of elements in output 
matrix 

Used to dimension left input vector 
Used to dimension right input vector 
Used to dimension second dimension 
of output matrix 

Used to dimension first dimension of 
output matrix 

Data type of left input vector 
Data type of right input vector 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name  | Type   | Description 

«*" function | Operator defining the multiplication operation 
I Left Vector_Eleraents * Right _Vector_Elements : 
I Matrix Elements 

3.6.8.2.9.20.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.20.4 INTERRUPTS 

None. 

3.6.8.2.9.20.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
* • • 

type My_Elementsl is new FLOAT; 
type My_Elementsl_Squared is new My_Elementsl; 
type My_Elements2 is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My_Elements3 is new FLOAT; 

type My_Col_Indices is (a, br c); 
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type My_Row Indices is (x, y,  z); 
type My_IndTces is (i, j,  k); 
• • • 
function "*"  (Left    : MyElementsl, 

Right  : My Elements2)  return My_Elements3; 
• « • 
function "*" (Left : MyElementsl, 

Right : My~Elementsl) return My_Elementsl_Squared; 

function "*" (Left : My_Elements2, 
Right : My~Elements2) return My_Elements2_Squared; 

• • • 
function Sqrt  (Input  : My_Elementsl_Squared)  return My_Elementsl; 
function Sqrt  (Input  : My~Elements2~Squared)  return My~Elements2; 

package V_Opnsl is new 
General_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 

(Vector_Eleüients => My_Elementsl, 
Vector_Elements_Squared <=> My_Elementsl_Squared, 
Indices => My_Indices); 

use V_Opnsl; 

subtype Vectorsl is V_Opnsl.Vectors(My_Indices); 
• • • 
package V_0pns2 is new 

General_Vector Matrix Algebra.Vector_Operations_Unconstrained 
<Vector_Elements ~    ■> My_Elements2, 
Vector~Elements_Squared «> My_Elements2_Squared, 
Indices «> My_Indices);- 

use V_0pns2; 
• • • 
subtype Vectors2 is V_0pns2.Vectors(My_Indices)| 
• • • 
package M_0pns3 is new 

General_Vector_Matrix_Algebra.Matrix_Operations_Unconstrained 
(Col_Indices ■> My_Col_Indices, ~ 
Elements       «> My_Elements3, 
Row_Indices => My~Row_Indices); 

use M_0pns3! 

subtype Matrices3 is M_0pns3.Matrices(My_Row_Indices, My_Col_Indices); 

package V_V_T_Multiply is new 
General_Vector_Matrix_Algebra. 

Vector Vector Transpose_Multiply_Unrestricted 
(Lelt Vectör_Elements => My_Elementsl, 
MatrTx_Elements => My_Elernents3, 
Right_Vector_Elements «> My_Elements2, 
Col_Indices => My_Col Indices, 
Left_Vector_Indices => My_lndlces, 
RighT_Vector_Indices => My_Indices, 
Row_Indices => My_Row_Indices, 
Left_Vectors => Vectorsl, 
lnput_Matrices => Matrices3, 
Right Vectors => Vectors2); 

use V V T Multiply; 
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Vectorl : Vectorsl; 
Vector2 ; Vectors2; 
Matrix3 : Matrices3; 

begin 

Matrix3  := Vectorl * VectorZ; 

3.6.8.2.9.20.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.20.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name | Type   | Description | 

"*"   | function | Multiplies an m x 1 vector by the transpose of an n x 1 
j I  vector, returning the resultant m x n matrix 
| |  c(i,j) :- a(i) * b(j) 

The following table lists the allocation of catalog numbers to this part: 

Name | Catalog 41 

"*" |  P532-0 

3.6.8.2.9.20.8 PART DESIGN 

None. 

3.6.8.2.9.21 VECTOR_VECTOR_TRANSPOSE_MULTIPLY_RESTRICTED (CATALOG #P188-0) 

This function multiplies an m x 1 vector by the transpose of an n x 1 vector, 
returning the resultant m x n matrix. 

3.6.8.2.9.21.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.21.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 
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Data types: 

The following table describes the generic formal types required by this parti 

| Name 

Left_Vector_Elements 

Right_Vector_Elements 

Matrix_Elements 

Indicesl 

Indices2 

Left_Vectors 
Rlght_Vectors 
Matrices 

I Type Description I 
floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
vector 

Data type of elements in right input 
vector 

Data type of elements in output 
matrix 

Used to dimension left input vector 
and first dimension of output matrix 

Used to dimension right input vector 
and second dimension of output 
matrix 
Data type of left input vector 
Data type of right input vector 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name Type   | Description 

"*"   | function | Operator defining the multiplication operation 
j        I Left Vector Elements * RightVector Elements : 
j        | Matrix Elemints 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

O 

| Name Type |    Mode    |    Description 

|  Left       |  Left Vectors     |  In 
I  Right     j  Right Vectors   j  In 
I       I     "       I 

| Vector to be used as the multiplicand j 
j Vector whose transpose is to be used as | 
j  the multiplier j 

3.6.8.2.9.21.3 INTERRUPTS 

None. 

® 
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3.6.8.2.9.21.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Elementsl is new FLOAT; 
type My~Elementsl_Squared is new My_Elementsl; 
type My_Elements2_ is new FLOAT; 
type My Elements2_Squared is new My_Elements2; 
type My~Elements3 is new FLOAT; 
• • • 
type My_Col_Indices is (a, b, c); 
type My_Row_Indices is (x, y, z); 

function "*" (Left  : My_Elementsl, 
Right : My_Elements2) return MyElementsS; 

function "*" (Left : MyElementsl, 
Right : My"Elements!) return My_Elementsl_Squared; 

• • • 
function "*" (Left : My_Elements2, 

Right : My3Elements2) return My_Elements2_Squared; 
• • t 

function Sqrt (Input : My_Elementsl_Squared) return My_Elementsl; 
function Sqrt (Input : My_Elements2_Squared) return My_Elements2; 
• • • 
package V_Opnsl is new 

General_Vector_Matrix_Algebra.Vector_Operations_Constrained 
(Vector_Elements *> My_Elementsl, 
Vector_Elements_Squared => My_Elementsl_Squared, 
Indices ~ «> My_Row_Indices); 

use V_Opnsl; 
• • • 
subtype Vectorsl is V_Opnsl.Vectors(My_Indices); 
• • • 
package V_0pns2 is new 

General_Vector_Matrix_Algebra.Vector_Operations_Constrained 
(Vector_Elements ■> My_Eliments2, 
Vector_Elements_Squared ■> My_Elements2_Squared, 
Indices »> My_Indices); 

use V_0pns2; 
• • • 
subtype Vectors2 is V_0pns2.Vectors(My_Indices); 
• ■ • 

package M_0pns3 is new 
General_Vector_Matrix_Algebra.Matrix_Operations_Constrained 

(Col_Indices «> My~Col_Indices, 
Elements   => My~Elements3, 
Row_Indices => My_Row_Indices); 

use M_0pns3; 
• • • 
subtype Matrices3 is M_0pns3.Matrices(My_Row_Indices,  My_Col_Indices); 
• • • 
function V_V_T_Multiply is new 

General_Vector_Matrix_Algebra. 
Vector Vector Transpose Multiply Restricted 
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(Left_Vector_Elements 
Matrix_Eleinents 
Right_Vector_Elements 
Indicesl 
Indices2 
Left Vectors 
Matrices 
Right Vectors 

=> My_Elementsl, 
=> My_Elements3, 
=> My_Elements2, 
=> My_Row_Indices, 
=> My_Col_Indices, 
=> Vectoril, 
=> Matrices3, 
=> Vectors2); 

use V_V_T_Multiply; 
• • • 
Vectorl : Vectorsl; 
Vector2 : Vectors2; 
Matrix3 : Matrices3; 

begin 
• t • 

Matrix3 :» Vectorl * Vector2; 

3.6.8.2.9.21.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.2.9.21.6 DECOMPOSITION 

None. 

3.6.8.2.9.22 MATRIX_MATRIX_MULTIPLY_UNRESTRICTED (CATALOG #P189-0) 

This package contains a function which multiplies an m x n matrix by an n x p 
matrix, returning an m x p matrix. The inner dimensions of the input matrices 
must be equal. This part can be made to handle sparse matrices by tailoring 
the imported "+" and "*" functions (see sections describing generic formal 
subprograms and calling sequence). 

The following exceptions are raised by this part: 

^jr* 

Name | Vhen/Vhy Raised I 
Raised if the lengths of the inner dimensions of the | 
input matrices are not the same or if the lengths of thej 
first dimension of the left input matrix and the second j 
dimension of the right input matrix are not the same as j 
the corresponding dimensions of the output matrix 

3.6.8.2.9.22.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R077. 

$ 
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3.6.8.2.9.22.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Left_Elements 

Right_Elements 

Output_Elements 

LeftColIndices 

Left_Row_Indices 

Right_Col_Indices 

Right_Row_Indices 

Output_Col_Indices 

Output_Row_Indices 

Left Matrices 
Right_Matrices 
Outpul Matrices 

Type Description I 

c 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
matrix 
Data type of elements in right input 
matrix 

Data type of elements in output matrix 

Used to dimension second dimension of 
left input matrix 

Used to dimension first dimension of 
left input matrix 

Used to dimension second dimension of 
right input matrix 

Used to dimension first dimension of 
right input matrix 

Used to dimension second dimension of 
output matrix 

Used to dimension first dimension of 
output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. To tailor this function to handle sparse matrices, the formal 
subroutines should be set up to check the appropriate element(s) for zero 
before performing the indicated operation. 

| Name | Type | Description 

"*"   I function   | Function defining the operation 
Left Elements * Right_Elements := Output_Elements 

function   | Function defining the operation 
Output_Elements + Output_Elements :«= 
Output Elements 

3.6.8.2.9.22.3 LOCAL ENTITIES 

# None. 

W 
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3.6.8.2.9.22.4 INTERRUPTS 

None. 

3.6.8.2.9.22.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part assuming both input 
matrices are dense matrices: 

with General_Vector_Matrix_Algebra; 
• • • 

type MyElementsl is new FLOAT 
type My~Elements2 is new FLOAT 
type My_Elements3 is new FLOAT 

type My_Col_Indices is (a, b, c); 
type My_Row~Indices is (x, y, z); 
• • • 
function "*" (Left : My_Elementsl, 

Right : My~Elements2) return My_Elements3; 

package M_0pnsl is new 
General_Vector_Matrix_Algebra.Matrix_Operations_Uncons trained 

(Col~Indices ■> My_Col_Indices, 
Elements   «> My_Elementsl, 
Row_Indices ■> My_Row_Indices)} 

use MOpnsl;  ~ £^j, 

subtype Matricesl is M_Opnsl.Matrices(My_Row_lndices, My_Col_Indices); 
• • • 
package M_0pns2 is new 

General_Vector_Matrix_Algebra.Matrix_Operations_Unconstrained 
(Col_Indices «> My_Col_Indices, 
Elements   »> My~Elements2, 
Row_Indices => My_Row_Indices); 

use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices(My_Row_Indices, My_Col_Indices); 
« * • 
package M_0pns3 is new 

General_Vector_Matrix_Algebra.Matrix_Operations_Uncons trained 
(Col_Indices «> My_Col_Indices, 
Elements   => My_Elements3, 
Row_Indices => My_Row_Indices); 

use M_0pns3; 
• • • 
subtype Matrices3 is M_0pns3.Matrices(My_Row_Indices,  My_Col_Indices); 
• • • 
package M_M_Mult is new 

General Vector_Matrix_Algebra. 
Matrix Matrix_Multiply_Unrestrieted 

(LeIt_Elements    => My_Eleraentsl, 
Outpüt_Elements   => Myj;ienients3t 
Right_Elements    => My~Elements2, 
Left_Col_Indices  »> My~Col_Indices, 
Left_Row~Indices  => My_Row~Indices, 
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Output_Col_Indices => My_Col_IndicGS, 
Output_Row_Indices => My_Row_lndices, 
Right_Col_Indices => My_Col_Indices, 
Right_Row_Indices => My_Row_Indices, 
Left Matrices     => Matricesl, 

use M M Mult; 

Output_Matrices   => Matrices3, 
Right Matrices    => Matrices2); 

Matrixl : Matricesl; 
Matrix2 : Matrices2; 
Matrix3 : Matrices3; 

begin 

Matrix3 :- Matrixl * Matrix2; 

The following shows how this part could to tailored to handle the 
multiplication of sparse matrices. In this example, it is assumed that 
the left input matrix is the sparse matrix. This part could also be 
tailored to handle a sparse matrix for the right parameter or sparse 
matrices for both parameters by modifying the multiplication and 
addition operators. 

with General_Vector_Matrix_Algebra; 

type MyElementsl is new FLOAT; 
type My Elements2 is new FLOAT; 
type MyElementsS is new FLOAT; 
• • • 
type My_Col_Indlces is (a, b, c); 
type My_Row_Indices is (x, y, z); 
• • • 
function Sparse Left_Multiply 

(Lelt ; MyElementsl, 
Right : My_Elements2) return My_Elements3; 

• • • 
function Sparse Left_Add 

(Lelt  : My_Elements3, 
Right : My_Elements3) return My_Elements3; 

package Dyn_Sparse_M_Opnsl is new 
General_Vec to r_Ma t r i x_Algebra. 

Dynamically_Sparse_Matrix_Operatlons_Uncons trained 
(Col_Indices => My_Col_Indices, 
Elements   «> My_Elementsl) 
Row_Indices => My~Row_Indices); 

use Dyn_Sparse_M_Opnsl; 
• • • 
subtype Sp_Matricesl is Dyn_Sparse_M_Opnsl. 

Matrices(My_Row_Indices, My_Col_Indices); 

package M_0pns2 is new 
General Vector_Matrix_Algebra. 

Matrix Operations_Unconstrained 
(CoI_Indices => My_Col_Indices, 
Elements   => My Elements2, 
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Row_Indices =■> My_Row Indices); 
use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices(My_Row_Indices, My_Col_Indices); 
• • • 
package Dyn_Sparse_M_0pns3 is new 

General_Vector_Matrix_Algebra. 
Dynamically Sparse~Matrix_Operations_Unconstrained 

(Collndlces =>~My_Col_Indices, 
Elements   => My_Elements3, 
Row Indices ■> My_Row_Indices); 

use Dyn_Sparse_M_0pns3; 
• • • 
subtype Sp_Matrices3 is Dyn_Sparse_M_0pns3. 

Matricei(My_Row_Indices, My_Col_Indices); 
• • • 
function "*" is new 

General Vector Matrix Algebra. 
Matrix MatrTx_MultTply_Unrestricted 

(LeIt_Elements 
Output_Elements 
Right_Elements 
Left_Col_Indices 
Left_Row_Indices 
Output_Col_Indices 
Output_Row~Indices 
Right_Col_Tndices 
Right_Row Indices 
Left_MatrTces 
Output Matrices 
Right_Matrices 

• • • 
Sp Matrixl : Sp_Matricesl; 
Natrix2   : Matrices2; 
Sp_Matrix3 : Sp_Matrices3; 
• • • 
function Sparse LeftMultiply 

(Lelt : MyElementsl, 
Right : My Blements2) return My_Elements3 is 

Answer : My_Elements5; 
begin 

if Left - 0.0 then 
Answer :« My_Elements3(Right); 

else 
Answer := My_Elements3(Left * My_Elementsl(Answer)); 

end if; 
return Answer; 

end Sparse_Left_Multiply; 
• • • 
function Sparse Left Add 

(Lelt  :~My_Elements3, 
Right : My_Elements3) return My_Elements3 

Answer : My_Elements3; iiQV 
begin ^S? 

if Left =x 0.0 then 

x> My Elementsl, 
=> My" 'Elements3, 
=> My' ~Elements2, 
«> My "Col_Indices, 
-> My [Row_Indices, 
-> My [Col~Indices, 
-> My" -Row_Indices, 
.> My- 'Col~Indices, 
»> My 'Row~Indices, 
-> s?: 'Matrices!, 
=> Sp. "Matrices3, 
-> Mai :rices2, 
-> SparseLeftMultiply, 
«> Sparse~Left_Add); 

m i IM T5f5 
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Answer :» Right; 
else 

Answer := Left + Right; 
end if; 
return Answer; 

end Sparse_Left_Add; 
• • • 
begin 

Sp_Matrix3 := Sp_Matrixl * Matrix2; 

3.6.8.2.9.22.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.22.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name | Type   | Description | 

"*"   | function | Multiplies an m x n matrix by an n x p matrix,       | 
|        j returning the result m x p matrix ' 
|        | c(i,j) :- a(i,k) * b(k,j) | 

The following table lists the allocation of catalog numbers to this part: 

Name | Catalog # 

"*" I  P533-0 

3.6.8.2.9.22.8 PART DESIGN 

None. 

3.6.8.2.9.23 MATRIX_MATRIX_MULTIPLY_RESTRICTED (CATALOG #P190-0) 

This function multiplies an m x n matrix by an n x p matrix, returning an m x p 
matrix. This part can be made to handle sparse matrices by tailoring the 
imported "+" and "*" functions (see sections describing generic formal 
subprograms and calling sequence). 

3.6.8.2.9.23.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R077. 
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3.6.8.2.9.23.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

LeftJBlements 

RightElements 

Output_Elements 

M_Indices 

N_Indices 

P_Indices 

Left_Matrices 
RightMatrices 
Output Matrices 

Type Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
matrix 

Data type of elements in right input 
matrix 

Data type of elements in output matrix 

Used to dimension first dimension of 
left input matrix and output matrix 

Used to dimension second dimension of 
left input matrix and first dimension 
of right input matrix 

Used to dimension second dimension of 
right input matrix and output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. To tailor this function to handle sparse matrices, the formal 
subroutines should be set up to check the appropriate element(s) for zero 
before performing the indicated operation. 

O 

Name | Type Description 

Output Elements 
"*"   I function   | Function defining the operation 

Left Elements * Right_Elements ;■ 
function   | Function defining the operation 

Output_Elements + Output_Elements 
Output Elements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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|     Name    | Type                    |     Mode     | Description | 

|  Left      | Left_Matrices    |  In          | M X N matrix to be used as the | 
j                 j j| multiplicand | 
j  Right     j Right_Matrices  |   In           j N X P    matrix to be used as  the | 
jj jj multiplier j 

3.6.8.2.9.23.3 INTERRUPTS 

None. 

3.6.8.2.9.23.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

The following shows a sample usage of this part assuming both input 
matrices are dense matrices: 

with General_Vector_Matrix_Algebra; 
• • • 

type MyElementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My_Elements3 is new FLOAT; 
• • • 
type My_M Indices is new INTEGER 1..3 
type My N Indices is new INTEGER 1..4 
type MyJ»~Indices is new INTEGER 1..3 
• • • 
function "*" (Left : My_Elementsl, 

Right : My_Elements2) return My_Elements3; 
• • • 
package M_Opnsl is new 

General_Vector_Matrix_Algebra.Matrix_Operations_Constrained 
(Col~Indicei => My_N Indices, 
Elements   ■> My~ETementsl, 
Row_Indices ■> My_M_Indices); 

use M_0pnsl; 
• • • 
subtype Matricesl is M_0pnsl.Matrices; 
• • • 
package M_0pns2 is new 

General_Vector_Matrix_Algebra.Matrix_Operations_Cons trained 
(Col~Indices => My^P Indices, 
Elements   »> My_Elements2, 
Row_Indices => My_N_Indices); 

use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices; 
• • • 
package M_0pns3 is new 

General_Vector_Matrix_Algebra. Ma trix_Operations_Cons trained 
(Col~Indices => My~P Indices, 
Elements   => My ElementsS, 
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Row_Indices »> My_M_Indices); 
use M_0pns3; 
• • • 
subtype Matrices3 is M_0pns3.Matrices; 
• • • 
package M_M_Mult is new 

General Vector Matrix Algebra. 
Matrix Matrix Multiply Restricted 
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(LeIt_Elemints => My_Elementsl, 
Output Elements => My~Elements3, 
Right Elements => My-Elements2, 
M Indices => My M Indices, 
NIndices -> My"N_Indices, 
P-Indices => My~P Indices, 
LeftMatrices => Matrlcesl, 
Output Matrices => Matrices3, 
Right Matrices «> Matrices2); 

use M_M_Mult; 
• • • 
Matrixl : Matrices!; 
Matrix2 : Matrices2; 
Matrix3 : Matrices3; 
• • • 
begin 

MatrixS :- Matrixl * Matrix2; 

The following shows hov this part could to tailored to handle the 
multiplication of sparse matrices. In this example, it is assumed that 
the left input matrix is the sparse matrix. This part could also be 
tailored to handle a sparse matrix for the right parameter or sparse 
matrices for both parameters by modifying the multiplication and 
addition operators. 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Elementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My~Elements3 is new FLOAT; 
• • • 
type My_M_Indices is new INTEGER 1..3; 
type My~N_Indices is new INTEGER 1..4; 
type My_P_Indices is new INTEGER 1..3; 
• • • 
function Sparse Left_Multiply 

(Lelt :_My_Elementsl> 
Right ; My_Elements2) return My_Elements3; 

• • • 
function Sparse Left Add 

(Lelt    :_My_Elements3, 
Right : My~Elements3) return My_Elenients3; 

package Dyn_Sparse_M_Opnsl is new 
Geniral_Vectör_Matrix_Algebra. 

Dynamically Sparse_Matrix_Operations_Constrained 
(Col_IndIces => My_N Indices, 
Elements        => My Elementsi. 

o 

m 
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Row_Indlces => My_M_Inclices); 
use Dyn_Sparse_M_Opnsl; 
• • • 
subtype Sp_Matricesl is Dyn_Sparse_M_OpnsI.Matrices; 

package N_0pns2 is nev 
General_Vector_Matrix_Algebra.Matrix_Operations_Constrained 

(Col_Indices => My~P Indices, 
Elements   => My~ETements2, 
Row_Indices => My_N_Indices); 

use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices; 
• • • 
package Dyn_Sparse_M_0pns3 is new 

General_Vectör_Matrix_Algebra. 
Dynamically-Sparse~Matrix_Operations_Cons trained 

(Col_IndIces »>_My_P Indices, 
Elements   -> My_Elements3, 
Row Indices »> My_M_Indices); 

use Dyn_Sparse_M_0pns3; 
• * • 
subtype Sp_Matrices3 is Dyn_Sparse_M_0pns3.Matrices; 

function "*" is new 
General Vector Matrix Algi ebra. 

Matrix Matrix Multiply Restricted 
(LeIt_Elements "«> My Elementsi, 
Output Elements -> My Elements3, 
Right Ilements -> My~Elements2, 
M Indices -> My M Indices, 
N'lndices «> My"N"lndices, 
P~Indices «> My_P~Indices, 
Left_Matrices «> Sp~Mätricesl, 
Output Matrices => Sp~Matrices3, 
Right Matrices => Matrices2, 

,  "*" «> Sparse Left Multiply, 
n + M => Sparse~Left Add); 

Sp_Matrixl : Sp_Matricesl; 
Matrix2   : Matrices2; 
Sp_Matrix3 : Sp_Matrices3; 
• • • 
function Sparse Left_Multiply 

(Lelt  :~My_Elementsl, 
Right : My-Elements2) return My_Elements3 is 

Answer : My_Elements3; 
begin 

if Left - 0.0 then 
Answer  :- My_Eleinents3(Right); 

else 
Answer := My_Elements3(Left * My_Elenientsl(Answer)); 

end if; 
return Answer; 

end Sparse_Left_Multiply; 

function Sparse Left Add 
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(Left  : My_Elements3, 
Right ! My_Elements3) return My_Elements3 

Answer : My_Elements3; 
begin 

if Left - 0.0 then 
Answer :- Right; 

else 
Answer :■ Left + Right; 

end if; 
return Answer; 

end Sparse_Left_Add; 
• • • 
begin 

Sp_Matrix3 :- Sp_Matrixl * Matrix2; 

3.6.8.2.9.23.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.2.9.23.6 DECOMPOSITION 

None. 

3.6.8.2.9.2A MATRIX_MATRIX_TRANSPOSE_MULTIPLY_UNRESTRICTED (CATALOG #P191-0) 

This package contains a function which multiplies an m x n matrix by the 
transpose of a p x n matrix returning the resultant m x p matrix. 

The following exceptions are raised by this part: 

o 

| Name When/Why Raised I 
Raised if the second dimensions of the two input 
matrices are not of the same length, if the lengths of 
the first dimensions of the left and output matrices are 
not the same, or if the lengths of the second dimensions 
of the right and output matrices are not the same 

3.6.8.2.9.24.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.2A.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 
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| Name I Type description 

Type of elements in left input matrix 

Type of elements in right input matrix 

Type of elements in output matrix 

Used to dimension second dimension of 
left input matrix 

Used to dimension first dimension of 
left input matrix 

Used to dimension second dimension of 
right input matrix 

Used to dimension first dimension of 
right input matrix 

Used to dimension second dimension of 
output matrix 

Used to dimension first dimension of 
output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

c 

| Left Elements floating 
point type 

| Right Elements floating 
point type 

| Output Elements floating 
point type 

| Left Col discrete   I 
j Indices type     | 
| Left Row discrete   | 
j Indices type     | 
| Right Col discrete   { 
j Indices type     | 
| Right Row discrete 
| Indices type     | 
| Output Col discrete   | 
j Indices type     | 
| Output Row discrete   { 
j Indices type     | 
| Left Matrices array     | 
j Right Matrices array     | 
| Output_Matrices array     | 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description 

|   "*" |   function  |  Operator used to define the operatioo: 
j j j    Left Elements * RightElements  :- Output Elements 

3.6.8.2.9.24.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.24.4 INTERRUPTS 

None. 

# 

3.6.8.2.9.24.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General Vector Matrix Algebra; 
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type My_Elementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My~Elements3 is new FLOAT; 
• • • 
type My_Col_Indices is (a,  b, c); 
type My_Row_Indices is  (x,  y,  z); 

function "*H (Left    ; My_Elenientsl, 
Right  :  My_Elements2) return My_Elenients3; 

• • • 
package M_Opnsl is new 

General_Vector Matrix Algebra.Matrix_Operations_ünconstrained 
(Col~Indicei => My~Col_Indices, 
Elements        ■> My'Eleientsl, 
Row_Indices -> My~Row_Indices); 

use M_Opnsl; 
• • • 
subtype Matricesl is M_Opnsl.Matrices(My_Row_Indices,  My_Col Indices); 
• • • 
package M_Opns2 is new 

General_Vector Matrix Algebra.Matrix_Operations_Unconstrained 
(Col_Indices »> My~Col_Indices, 
Elements        ■> My~Eleinents2, 
Row_Indices «> My~Row_Indices); 

use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices(My_Row_Indlces, My_Col_Indices); ^^ 

package M_0pns3 is new 
General_Vector_Matrix Algebra.MatrixOperations Unconstrained 

(Collndices «> My^Col^Indices, 
Elements   ■> My_Elements3, 
Row_Indices => My~Row_Indices); 

use M_0pns3; 

subtype Matrices3 is M_0pns3.Matrices(My_Row_Indices, My_Col_Indices); 

package M_M_T_Mult is new 
General Vector Matrix Algebra. 

Matrix MatrTx_Transpose_Multiply_Unrestricted 
(LeIt_Elements    «> My_Elementsl, 
Output Elements   ■> My_Elements3, 
Right_Ilements   => My_Elements2, 
Left_Col_Indices  => My_Col_Indicest 
Left_Row_Indices  => My_Row_Indices, 
Outpüt_Col_Indices => My_Col_Indices, 
Output_Row_Indices => My_Row_Indices, 
Right_Col_Indices => My_Col_Indices, 
Right Row Indices => My_Row_Indices, 
Left_MatrTces    => Matricesl, 
Outpüt_Matrices   => Matrices3, 
Right_Matrices   => Matrices2)! 

use M_M_T_Mult; 
• • • 
Matrixl : Matricesl; 
Matrix2 : Matrices2; 
Matrix3 : Matrices3; 
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• • • 
begin 

• • • 
Matrix3  := Matrixl * Matrix2; 

3.6.8.2.9.24.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.24.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name | Type   | Description | 

| "*,,   | function | Multiplies an m x n matrix by the transpose of an    | 
j      I        I p x n matrix, returning the resultant m x p matrix 
|      |        | a(i,j) :« b(i,k) * c(j,k) | 

The following table lists the allocation of catalog numbers to this part: 

|    Name |    Catalog # 

|   "*" |      P534-0 

3.6.8.2.9.24.8    PART DESIGN 

None. 

3.6.8.2.9.25    MATRIX_MATRIX_TRANSPOSE_MULTIPLY_RESTRICTED (CATALOG #P192-0) 

This function multiplies an m x n matrix by the transpose of a p x n matrix 
returning the resultant m x p matrix. 

3.6.8.2.9.25.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.25.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

r*j/^     The following table describes  the generic formal types required by this part: 
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The following table describes the generic formal types required by this part: 

Name 

Left Elements 

Right_Elements 

Output_Elements 

M_Indices 

N_Indices 

P Indices 

Left Matrices 
RightMatrices 
Output_Matrices 

Type Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Type of elements in left input matrix 

Type of elements in right input matrix 

Type of elements in output matrix 

Used to dimension first dimension of 
left input matrix and output matrix 

Used to dimension second dimension of 
left and right input matrix 

Used to dimension first dimension of right 
input matrix and second dimension of 
output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description I 

| n*n   | function | Operator used to define the operation: | 
j       I        j  Left Elements * Right Elements :■ Output Elements    | 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name Type Mode Description 

| Left  | Left Matrices | In 

II" I 
j Right  j Right Matrices j In 

II" I 

| M X N matrix to be used as the 
j multiplicand 
j P X N matrix whose transpose is to be 
j used as the multiplier 

3.6.8.2.9.25.3 INTERRUPTS 

None. 
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3.6.8.2.9.25.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Elementsl is new FLOAT; 
type My_Elements2 is new FLOAT; 
type My_Elements3 is new FLOAT; 

type My_M_Indices is (a, b, c); 
type MyNIndices is (x, y, z); 
type My_P~Indices is (x, y, z); 

function "*" (Left  : My_Elementsl, 
Right : My_Elements2) return My_Elements3; 

• • • 
package M_0pnsl is new 

General Vector_Matrix Algebra.Matrix_Operations_Constrained 
(Col~Indices => My~N Indices, 
Elements   => My_ETementsl, 
Row_Indices => My_M_Indices); 

use M_0pnsl; 
• • • 
subtype Matricesl is M_Opnsl.Matrices; 
• • • 
package M_0pns2 is new 

General_Vector_Matrix_Algebra. Mat rix_Operations_Cons trained 
(Col~Indices «> My~N Indices, 
Elements   •> My_Elements2, 
Row_Indices ■> My_P_Indices); 

use M_0pns2; 
• • • 
subtype Matrices2 is M_0pns2.Matrices; 
• • • 
package M_0pns3 is new 

General_Vector_Matrix_Algebra. Ma trix_0perations_Cons trained 
(Col_Indices => My_P Indices, 
Elements   => My_Elements3, 
Row_Indices => My_M_Indices); 

use M_0pns3; 
• • * 
subtype Matrices3 is M_0pns3.Matrices; 

package M_M_T_Mult is new 
General Vector Matrix_Algebra. 

Matrix MatrTx_Transpose_Multiply_Res trie ted 
(LeIt_Elements => My_Elementsl, 
Output_Elements => My~Elements3, 
Right Elements => My_Elements2, 
M_IndTces => MyMIndices, 
N_Indices => My_N_Indices, 
P_Indices => My_P Indices, 
Left_Matrices => Matrices!, 
0utput_Matrices => Matrices3, 
RightMatrices => Matrices2); 

use M M T Mult; 
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• • • 
Matrixl : Matricesl; 
Matrix2 : Matrices2; 
NatrixS : Matrices3; 

begin 
• • • 
MatrixS  := Matrixl * Matrix2; 

3.6.8.2.9.25.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.2.9.25.6 DECOMPOSITION 

None. 

3.6.8.2.9.26    D0T_PR0DUCT_OPERATIONS_UNRESTRICTED (CATALOG #P193-0) 

This package contains a function which performs a dot product operation on two 
m-element vectors. 

The following exceptions are raised by this part: 

|    Name |    Vhen/Vhy Raised | 

|  Dimension_Error  | Raised if the lengths of the two input vectors is not 
j j  the same j 

3.6.8.2.9.26.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R063. 

3.6.8.2.9.26.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

O 

# 
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Name 

Left_Elements 

Right_Elements 

Result_Elements 

Left_Indices 
Rightlndices 
Left_Vectors 
RightVectors 

I Type | Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
discrete 
array 
array 

Type of elements in left input vector 

Type of elements in right input vector 

Data type of result of dot product 

Used to dimension Left_Vectors 
Used to dimension Right_Vectors 
Data type of left input vector 
Data type of right input vector 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name | Type Description 

| "*"   | function 

I      I 
Multiplication operator defining the operation; 
Left Elements * Right Elements :» Result Elements 

3.6.8.2.9.26.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.26.4 INTERRUPTS 

None. 

3.6.8.2.9.26.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with GeneralVectorMatrixAlgebra; 
• • t 

type My_Elementsl is new FLOAT; 
type My_Elementsl_Squared is new My Elementsl; 
type My_Elements2 is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My Elements3 is new FLOAT; 

type My Indices is (i,  j, k); 

function "*" (Left : MyElementsl, 
Right : My_Elements2) return My_Elements3; 

• • * 
function "*" (Left : My_Elementsl, 

Right : My Elementsl) return My Elementsl Squared; 
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function "*" (Left  : My_Eleinents2, 
Right : My~Elements2) return My_Elements2_Squared; 

• • • 
function Sqrt (Input : My_Elementsl_Squared) return My_Elementsl; 
function Sqrt (Input ; My_Elements2~Squared) return My~Elements2; 
■ • • 

package V_0pnsl is new 
General_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 

(Vector_Elements -> My Elimentsl, 
Vector_Elements_Squared => My~Elementsl_Squared, 
Indices => My_Indices); 

use V_Opnsl; 
• • • 
subtype Vectorsl is V_Opnsl.Vectors(My_Indices); 
• • • 
package V_0pns2 is new 

General Vector_Matrix_Algebra.Vector_Operatlons_Unconstrained 
(Vector_Elements       => My_Elements2, 
Vector~Elements_Squared => My~Elements2_Squared, 
Indices => My~Indices); 

use V_0pns2; 
• • t 

subtype Vectors2 is V_0pns2.Vectors(My_Indices); 
• • • 
package D P_0pns is new 

General Vector_Matrix Algebra. 
Do t_Produc t_0pera tTons_Unres t r i c t ed 

~ ■> My_Elementsl, 
■> My~Elements2, 
-> My_Elements3, 
■> My~Indices, 
■> MyJIndices, 
«> Vectorsl, 
=> Vectors2); 
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(LeTt_Eleinents 
Right_Elements 
Result Elements 
Left Indices 
Right_Indices 
Left Vectors 
RightVectors 

• • • 
Vectorl 
Vector2 
Temp 

: Vectorsl; 
: Vectors2; 
; My_Elements3; 

« • • 
begin 
• • • 

Temp :« D P Opns.Dot_Prod 

XISF 

3.6.8.2.9.26.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.26.7 DECOMPOSITION 

The following table describes the decomposition of this part! 
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Name     | Type   | Description | 

Dot Product | function | Performs a dot product operation on two m-element 
| vectors 
| c := a(i) + b(i) 

I 

The following table lists the allocation of catalog numbers to this part: 

| Name 

| Dot Product 

| Catalog # 

|  P535-0 

3.6.8.2.9.26.8 PART DESIGN 

None. 

3.6.8.2.9.27 D0T_PRODUCT_OPERATI0NS_RESTRICTED (CATALOG #P194-0) 

This function performs a dot product operation on two m-element vectors. 

3.6.8.2.9.27.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R063. 

3.6.8.2.9.27.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Left_Elements 

Right_Elements 

Result_Elements 

Indices 

Left_Vectors 
Right_Vectors 

I Type | Description 

Type of elements in left input vector 

Type of elements in right input vector 

Data type of result of dot product 

Used to dimension input vectors 

Data type of left input vector 
Data type of right input vector 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

array 
array 
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Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description | 

| "*"   | function | Multiplication operator defining the operation:      | 
j       I        j  Left_Elements * Right_Elements :• Result_Elements    j 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type       | Mode | Description | 

| Left  | Left_Vectors | In    | First vector to be used in dot product | 
jj jj operation 
j Right  j Right_Vectors | In    j Second vector to be used in dot product j 
j       j     ~ j       j operation j 

3.6.8.2.9.27.3 INTERRUPTS 

None. 

3.6.8.2.9.27.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
... f 

type My_Elementsl is new FLOAT; 
type My_Elementsl_Squared is new My_Elementsl; 
type My~Elements2~ is new FLOAT; 
type My_Elements2_Squared is new My_Elements2; 
type My_Elements3~ is new FLOAT; 
• • • 
type Mylndices    is (i, j, k); 
• • • 
function "*,, (Left    : MyElementsl, 

Right : My_Elements2) return My_Elements3; 
• • • 
function "*" (Left    : MyElementsl, 

Right  : My_Elementsl) return My_Elementsl_Squared; 
• • • 
function "*" (Left : My_Elements2, 

Right : My2Elements2) return My_Elements2_Squared; 
• • • 
function Sqrt (Input ; My_Elementsl_Squared) return My_Elementsl; 
function Sqrt (Input : My Elements2 Squared) return My ElementsZ; 

O 
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package V_Opnsl is new 
General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 

(Vector_Elements      => My_Elenientsl, 
Vector Elements_Squared => My_Elementsl_Squared, 
Indices => My_Indices);- 

use V_0pnsl; 
• • • 
subtype Vectorsl is V_0pnsl.Vectors; 
• • • 
package V_0pns2 is new 

General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 
(Vector Elements => My_Eliments2, 
Vector-Elements_Squared => My_Eleraents2_Squared, 
Indices => My_Indices); 

use V_0pns2; 
• « • 
subtype Vectors2 is V_0pns2.Vectors; 
• • • 
function Dot_Product D_P_0pns is new 

General_Vector_Matrix Algebra. 
Dot ?roduct_OperatIons_Restrieted 
(LeIt_Elements «> My_Elementsl, 
Right Elements •> My_Elements2, 
Result_Elements ■> My_Elements3, 
Indices ■> My_Indices, 
Left Vectors -> Vectorsl, 
Right_Vectors ■> Vectors2); 

• • * 
Vectorl : Vectorsl; 
Vector2 : Vectors2; 
Temp   : My_Elements3; 
• • • 
begin 
• • • 

Temp :» DotProduct(Vectorl, Vector2); 

3.6.8.2.9.27.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.2.9.27.6 DECOMPOSITION 

None. 

3.6.8.2.9.28 DIAGONAL_FULL_MATRIX_ADD_UNRESTRICTED (CATALOG #P195-0) 

This package contains a function which adds a diagonal matrix to a full matrix, 
returning the resultant full matrix. 

The diagonal matrix is represented as a one-dimensional matrix. While this 
part is designed to expect a diagonal matrix as defined by the Diagonal_- 
MatrixOperations package. This part can be instantiated using the Diagonal- 
Matrices type exported by an instantiated version of the Diagonal_Matrix_- 
Operations package or with a similarly-defined matrix declared by the user. 

IQ l 
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The following exceptions are raised by this part: 

Name When/Why Raised 

| Dimension_Error | Raised if the lengths of the matrix indices are not     { 
I j equal to each other and other the length of the diagonal] 

matrix 

3.6.8.2.9.28.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.6.8.2.9.28.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Elements 

Di agonal_Range 

Full_Input_Col_Indlces 

Full_Input_Row_Indices 

Full_Ou t pu t_Col_Ind i ces 

Full_Ou t pu tRowInd i ces 

Diagonal_Matrices 
Full_Inpüt_Matrices 

Full Output Matrices 

Type | Description I 
floating 
point type 
integer 
type 

discrete 

discrete 

discrete 

discrete 

array 
array 

array 

Type of elements in input and 
output arrays 

Used to dimension Diagonal_Matrices 

Used to dimension Full_Input_ 
matrices ~ 

Used to dimension Full_Input_ 
matrices 
Used to dimension Full_Output_ 
matrices 

Used to dimension Full_Output_ 
matrices 

Data type of diagonal input matrix 
Data type of full input matrix 

Data type of full output matrix 

o 

3.6.8.2.9.28.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.28.4 INTERRUPTS 

None. 
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3.6.8.2.9.28.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Col_Indicesl is (a, b, c); 
type My~Row-Indicesl is (x, y, z); 
type My_Col~Indices2 is (i, j, k); 
type My_Row_Indlces2 is (1, m, n); 
• • • 
type My_Elements       is new FLOAT; 
type My_Elements_Squared is new FLOAT; 
• • • 
function "*" (Left    : MyElements; 

Right : My~Elenients) return My_Elements_Squared; 
• • • 
function Sqrt (Input : My_Elements_Squared) return My_Elements; 

package V_Opns XYZ is new 
GeneraT_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 

(VecIor_Elements       ■> My_Elements, 
Vector_Elements_Squared => My_Elements_Squared, 
Indices     ~      ■> My_Row_Indicesl); 

use V_Opns_XYZ; 
• • • 
subtype Vectors_XYZ is V_Opns_XYZ.Vectors(My_Row_Indicesl); 
• • « 
package V_Opns ABC is new 

GeneraT_Vector_Matrix_Algebra.Vector_Operations_Uncons trained 
(Vector_Eleinents -> My_Eleinents, 
Vector^Elements^Squared «> My_Elements_Squared, 
Indices " ■> My_Col_Indicesl); 

use VOpnsABC; 
• • • 
subtype Vectors_ABC is V_Opns_ABC.Vectors(My_Col_Indices); 
• • • 
package Diagonal_M_Opns is new 

General_Vector_Matrix_Algebra. 
Diagönal_Matrix_Operations 

(Elements    -> My_Elements, 
Col_Indices  »> My_Col_Indicesl, 
Row_Indices  ■> My_Row_Indicesl, 
ColSlices   «> VectorsXYZ, 
Row_Slices   ■> Vectors_ABC); 

use Diagonal_M_Opns; 
• • • 
package M_Opns is new 

General Vector Matrix Algebra.Natrix_Operations Unconstrained 
(Col^Indices => My~Col_Indices2, 
Elements   => My_Elements, 
Row_Indices => My_Row_Indices2); 

use M_Opns; 
• • • 
subtype Matrices is M_0pns.Matrices(My_Row_Indices2, My_Col_Indices2); 
• • • 
package D_F_M_Add is new 
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General_Vector_Matrlx_Algebra.Diagonal_Full_Matrix_Add_Unres trie ted 
(Elements ~ => My_Elements, 
Diagonal Range *> D_Opns.Diagonal_Range, 
Full_Inpüt_Col_Indices => My_Col_Indices2, 
Full~Input-Row Indices => My Row~Indices2, 
Full_Output_CoI_Indices => My~Col_Indices2, 
Full_Output_Row_Indices => My_Row_Indices2, 
Diagönal_Matrices => DÖpns.Diagonal_Matrices, 
Full_Inpüt_Matrices «> Matrices, 
Full_Output_Hatrices => Matrices); 

use D_F_M_Add; 

Diag_Matrix : Diagonal M Opns.Diagonal_Matrices; 
Full_Matrlx : MatricesT - 

• • • 
begin 

• • • 
FullMatrix  :- DiagMatrix + FullMatrix; 

3.6.8.2.9.28.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.28.7 DECOMPOSITION 

The following table describes the decomposition of this part: U-ji 

| Name | Type   | Description | 

| •'+"   | function | Adds an m x m full matrix to an m-element diagonal    | 
I      I        I matrix j 

The following table lists the allocation of catalog numbers to this part: 

| Name | Catalog # | 

| "+" |  P536-0   | 

3.6.8.2.9.28.8 PART DESIGN 

None. 

3.6.8.2.9.29 DIAGONAL_FULL_MATRIX_ADD_RESTRICTED (CATALOG #P196-0). 

This function adds a diagonal matrix to a full matrix, returning the resultant 
full matrix. 
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The diagonal matrix is represented as a one-dimensional matrix. This part can 
be instantiated using the Diagonal Matrices type exported by an instantiated 
version of the DiagonalMatrixOperations package or with a similarly-defined 
matrix declared by the user.

3.6.8.2.9.29.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212.

3.6.8.2.9.29.2 INPUT/OUTPUT 

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

1 Name I1 Type 1 Description |

Elements floating 1 Type of elements in input and
point type 1 output arrays

Diagonal_Range integer

type

discrete

1 Used to dimension Diagonal_Matrices

Indices 1 Used to dimension input and output
type 1 matrices

Diagonal_Matrices array 1 Data type of diagonal input matrix
Full_Mmtrices array 1 Data type of full input and output

1 matrices

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

1 Name 1 Type 1 Mode 1 Description |

D Matrix 1 Diagonal Matrices 1 In 1 Diagonal matrix to be used in the
1 1 1 addition operation

P_Hatrix 1 Full Matrices 1 In 1 Full matrix to beused in the
1 1 1 addition operation

3.6.8.2.9.29.3 INTERRUPTS 

None.

3.6.8.2.9.29.4 TIMING AND SEQUENCING

The following shows a sample usage of this part:

with General Vector Matrix Algebra;

I

I
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type My_Indices  is  (a,  b,   c); 

type My_Elements is new FLOAT; 
type My Elements_Squared  is new FLOAT; 
• • • 
function "*" (Left    : My_Elements; 

Right  :  My_Elements)  return My_Elements_Squared; 

function Sqrt  (Input :  My_Elements_Squared) return My_Elements; 
• • • 
package V_0pns is new 

General_Vector_Matrix_Algebra.Vector_Operations_Cons trained 
(Vector_Elements «> My_Eliments, 
Vector_Elements_Squared *> My_Elements_Squared, 
Indices •=> My_Indices); 

use V_0pns; 
• • • 
subtype My_Vectors is V_Opns.Vectors; 
• • • 
package Diagonal_M_Opns is new 

General_Vector_Matrix_Algebra. 
Diagonal_Matrix_Operations 

(Elements    «> MyElements, 
Col_Indices  ■> My"indices, 
Row_Indices  ■> My~Indices, 
Col_Slices   ■> My~Vectors, ^ 
Row_Slices   »> My~Vectors); f^' 

use Diagonal_M_Opns; 
• • • 
package M_Opns is new 

General_Vector_Matrix_Algebra.Matrix_Operations_Cons trained 
(Col_Indices ■> My~Indices, 
Elements        -> My~Elements, 
Row_Indices => My_Indices); 

use M_Opns; 
• • -> 
subtype Matrices is M_Opns.Matrices; 
• • • 
functin "+" is new 

General_Vector Matrix Algebra. 
Dl agonal_FuTl_Ma t rTxAddRes t r 1 c t ed 

(Elements      _ ■> My_Elernents, 
Diagonal_Range   => D_Öpns.Diagonal_Range, 
Indices        => My_Indices, 
Diagonal_Matrices => D_Opns.Diagonal_Matrices, 
Full_Matrices   => Matrices); 

• • • 
Diag_Matrix : Diagonal M_Opns.Diagonal_Matrices; 
FullMatrix : Matrices? 
• • • 
begin 

■ • • 

Full Matrix := Diag Matrix + Full Matrix; 
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3.6.8.2.9.29.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.2.9.29.6 DECOMPOSITION 

None. 

3.6.8.2.9.30 ABA_TRANS_DYNAM_SPARSE_MATRIX_SQ_MATRIX (CATALOG #P1055-0) 

This package contains a function which does an ABA transpose multiply on a 
dynamically sparse matrix (m x n) and a square (n x n) matrix, yielding a 
square matrix. The first multiply (A*B) is constrained and the second (AB * 
transpose A) is restricted. 

3.6.8.2.9.30.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.30.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

A_Elements 

B_Elements 

C_Elements 

M_Indices 

NJtndices 

A_Matrices 

B_Matrices 

C Matrices 

Type Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 

array 

array 

Type of element in the dymamically sparse input 
matrix 

Type of element in the square input matrix 

Type of element in the output vector 

Used to dimension the 1st dimension of the 
sparse input matrix 

Used to dimension the 2nd dimension of the 
sparse matrix and both dimensions of the 
square matrix 

Data type of the dynamically sparse input 
matrix 

Data type of the square input matrix 

Data type of the output matrix 

Subprograms: 
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The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description | 

| "*" | function | Function defining the operation A Elements * B Elements | 
I     I       j  i- C Elements j 
I "*" j function j Function defining the operation C_Elements * A_Elements j 

:- C Elements 

3.6.8.2.9.30.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.30.4 INTERRUPTS 

None. 

3.6.8.2.9.30.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrlx_Algebra; £*) 
... 

type MyElementsA is new FLOAT; 
type My'ElementsB is new FLOAT; 
type My~ElementsC is new FLOAT; 
• • • 
type My_M_Indices is new INTEGER 1..3; 
type My_N_Indices is new INTEGER 1..4; 
• • ■ 

type My_A_Matrices is array( My_M_Indicest My_N_Indices ) of Hy_ElementsA; 
type My_B~Matrices is array( My~N~Indices, My~N~lndices ) of My_ElementsB; 
type My~C~Matrices is array( My~M~Indices, My_M~Indices ) of My~ElementsC; 
• • • 
function ABMultiply 

(Left    :  My_ElementsA, 
Right  :  MyElementsB) return HyElementsC; 

■ • • 

function CAMultiply 
"(Left : My_ElementsC, 
Right : My_ElementsC) return MyElementsC; 

• • • 
package My_ABA Transpose is new 

GeneraT_Vector_Matrix_Algebra. 
ABA Trans_Dynam_Spirse_Matrix_Sq_Matrix 

X A_Elements => My_ElenientsA, 
B_Elements => My_ElementsB, 
C_Eleraents => MyElementsC, 
M_Indlces ■> My~M_Indices, 
N~Indices -> My~N~Indices, 
A Matrices => My~A~Matrices, 
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Beatrices -> My_B_Matrices, 
C" Matrices => My_C~Matrices, 
"*" => AB_Mültiply, 
"*" => CA_Multiply ); 

use My_ABA_Transpose; 
• t • 

Matrixl : A_Matrices; 
MatrlxZ : B Matrices; 
MatrixS : C^Matrices; 
• • • 
begin 

• • • 
MatrixS :«= My_ABA_Transpose( Left => Matrixl, 

Right => Matrix2 ); 

3.6.8.2.9.30.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.30.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name      | Type   | Description | 

| ABATranspose | function | Multiplies an m x n dynamically sparse matrix 
I j        j * an n x n square matrix and multiplies that 
j j        j product by the transpose of the m x n matrix  j 

The following table lists the allocation of catalog numbers to this part: 

| Name | Catalog t j 

| ABA Transpose |  P1056-0  | 

3.6.8.2.9.30.8 PART DESIGN 

None. 

3.6.8.2.9.31 ABA_TRANS_VECTOR_SQ_MATRIX (CATALOG #P1057-0) 

This package contains a function which does an ABA transpose multiply on a 
vector (1 x m) and a square (m x m) matrix, yielding a scalar value. 
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3.6.8.2.9.31.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.31.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name Type Description 

Type of element in the input vector. 

Type of element in the square input matrix. 

Type of element in the output scalar 

Used to dimension the input vector and both 
dimensions of the input matrix 

Data type of the input vector 
Data type of the square input matrix 

Vector floating 
Elements point type 

Matrix floating 
Elements point type 
Scalars floating 

point type 
Indices discrete 

type 
Vectors array 
Matrices array 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name | Type Description 

"*" ( function | Function defining the operation Vector_Elements * 
j        j Matrix_Elements :« Vector_Elements 

"*"  j function j Function defining the operation Vector_Elements * 
Vector Elements :■ Scalars 

3.6.8.2.9.31.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.31.4 INTERRUPTS 

None. 
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3.6.8.2.9.31.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Vector Elements is new FLOAT 
type My_Matrix~Elements is new FLOAT 
type My~Scalars       is new FLOAT 
• • • 
type Mylndices is new INTEGER 1..3; 
• •  • 
type My_Matrices is array( My_Indices, My_Indices ) of My_Matrix_Elements} 
type My_Vectors is array( My_Indices ) of~My_Vector_Elements; 
• • • 
function AB_Multiply 

(Left    : My_Vector_Elements, 
Right  :  My_Matrlces  ) return My_Vector_Elements; 

• • • 
function CAMultiply 

"(Left : My_Vector_Elements, 
Right : My_Vector_Elements ) return My_Scalars} 

• • ■ 

package My_ABA Transpose is new 
GeneraT_Vector_Matrix_Algebra. 

ABA Trans_Vector_Sq_Matrix 
J Vector_Elements ■> My_Vector_Elements, 

Matrix Elements ■> My_Matrix_Elements, 
Scalars -> My_Scalars, 
Indices ■> My"indices, 
Vectors »> My Vectors, 
Matrices -> My"Matrices, 
"*« -> AB"Multiply, 
it*« -> CA~Multiply ); 

use My_ABA_Transpose; 
• • • 
My_Vector : My_Vectors; 
My_Matrix :  MyMatrices; 
My_Scalar : My~Scalars; 
• • • 
begin 

•  • « 
My Scalar  := My_ABA Transpose(  Left    => My_Vector, 

Right => MyMatrix ); 

3.6.8.2.9.31.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.31.7 DECOMPOSITION 

$h The following table describes the decomposition of this part: 
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Name I Type Description 

| ABAJTranspose | function j Multiplies an 1 x m vector * a square matrix 
I ~        I j (m x m) and multiplies the resultant vector 
j | j (1 x m) times the transpose of the original 
j j j vector (m x 1) yielding a scalar (1 x 1} 

The following table lists the allocation of catalog numbers to this part: 

Name 

ABA Transpose 

Catalog # 

058-0  I 

3.6.8.2.9.31.8 PART DESIGN 

None. 

3.6.8.2.9.32 ABA_TRANS_VECTOR_SCALAR (CATALOG #P1059-0) 

This package contains a function which does an ABA transpose multiply on a 
vector (m x 1) and a scalar value, yielding a square (m x m) matrix. 

3.6.8.2.9.32.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.32.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name Type | Description 

Type of element in the input vector. 

Type of element in the square output matrix. 

Type of element in the output scalar 

Used to dimension the input vector and the 
square output matrix 

Data type of the input vector 
Data type of the square output matrix 

I 
| Vector floating 
j  Elements point type | 
| Matrix floating   | 
j  Elements point type | 
| Scalars floating 

point type 
| Indices discrete   j 

type     | 
| Vectors array     | 
| Matrices array     | 
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Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description | 

| "*"  | function | Function defining the operation Vector_Elements * | 
I j        j Scalars := Vector_Elements | 
j "*"  j function j Function defining the operation Vector_Elements * j 
|     j        j Vector Elements :■ Matrix Elements j 

3.6.8.2.9.32.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.32.4 INTERRUPTS 

None. 

3.6.8.2.9.32.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 
• • • 

type My_Vector_Elements is new FLOAT; 
type My~Matrix~Elements is new FLOAT; 
type My_Scalars       is new FLOAT; 
• • • 
type My_Indices is new INTEGER 1..3; 
• • • 
type My_Matrices is array( My_Indices, MyJEndices ) of My_Matrix_Elements; 
type My_Vectors is array( My_Indices ) of-My_Vector_Elements; 
• • • 
function ABMultiply 

"(Left    :  My_Vector_Elements, 
Right : My_Scalars ) return My_Vector_Elements; 

• • • 
function CA_Multiply 

"(Left : My_Vector_Elements, 
Right : My_Vector_Elements ) return My_Matrix_Elements; 

• • • 
package My_ABA Transpose is new 

GeneraI_Vector_MatrixAlgebra. 
ABATransVectorScalar 

X Vectör_Elements >=> My_Vector_Elements, 
Matrix_Elements ■> My_Matrix_Elements, 
Scalars        => My_Scalars, 
Indices        ■> My_Indices, 
Vectors        => My_Vectors, 
Matrices       «> My Matrices, 
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"*" -> AB_Multiply, 
,,*,l => CA_Multiply ); 

use My_ABA_Transpose; 
• • • 
My Vector  :  My Vectors; 
My~Matrix : My~Matrices; 
My~Scalar : MyScalars; 
« • • 
begin 

• •  • 
My Matrix :■ My_ABA_Transpose( Left    => MyVector, 

Right -> MyScalar ); 

3.6.8.2.9.32.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.32.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

| Name       I Type   | Description | 

| ABA_Transpose | function | Multiplies an m x 1 vector *  a scalar and | 
j j | multiplies the resultant m x 1 vector times | 
j j j  the transpose (1 x m) of the original vector, j 
j j j yielding an m x m square matrix. j 

The following table lists the allocation of catalog numbers to this part: 

Name | Catalog #  | 

ABA Transpose |  P1060-0  | 

3.6.8.2.9.32.8 PART DESIGN 

None. 

3.6.8.2.9.33 COLUMN_MATRIXj;PERATIONS (CATALOG #P1061-0) 

This package defines a column matrix which contains a column vector which is 
set on one of the columns of the matrix and a diagonal, which can only have the 
values of 1 or 0 on the diagonal. It provides operations on that type. See 
the decomposition section for a list of the operations provided. 
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3.6.8.2.9.33.1 REQUIREMENTS ALLOCATION 

N/A. 

3.6.8.2.9.33.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this parti 

Name Type Description 

Vector_ 
Elements 
Indices 

Vectors 

floating 
point type 

discrete 
type 

array 

Type of element in the column matrix's column 
vector 

Used to dimension the column matrix and the 
vector in the column matrix 

Data type of the vector in the column matrix 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data objects: 

The following chart describes the data objects exported by this part: 

Name Type 

record 

Vectors 

BOOLEAN 

Indices 

Description 

Column_ 
Matrices 

Col_ 
Vector 
Diagonal 

Active_ 
Column 

Record in which the following information 
describing the column matrix is kept: 

The column vector 

A BOOLEAN value which tells whether the diagonal 
is an identity matrix (contains 1's) or is O's 

An index which identifies the column number where 
the column vector is to be set 

3.6.8.2.9.33.3 LOCAL ENTITIES 

None. 

3.6.8.2.9.33.4 INTERRUPTS 

None. 
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3.6.8.2.9.33.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with General_Vector_Matrix_Algebra; 

type My_Vector_Elements is new FLOAT; 
• • • 
type My_Indices is new INTEGER 1..3; 

type My_Vectors is array( My_Indices ) of My_Vector_Elements; 

package My_Col Matrix_Opns is new 
GeneraT_Vector Matrix_Algebra. 

ColumnMatrix Operations 
( Vector_ETeinents      => My_Vector Elements, 

Indices «> My_Indices, 
Vectors => My Vectors )| 

use My_Col_Matrix_0pns5 
• ■ • 

Vector    : My_Vectors; 
Col_Matrix : My_Col Matrix_Opns.Column_Matrices; 
Index     : My~lndlces; 
• • • 
begin 

• • • 
— assign values to vector and index 
• • • 
Col Matrix :■ Set_Column_With_Zeroes_On_Diagonal 

T Column ~ «> Vector; 
Active_Column ■> Index ); 

3.6.8.2.9.33.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.2.9.33.7 DECOMPOSITION 

The following table describes the decomposition of this part: 
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Name Type 

function 

function 

generic 
function| 

generic 
function! 

Description 

Set_Column_Vith_ 
Zeroes On Diagonal 

Subtract_From 
Identity 

ABA Transpose 

ABA_Symm_Transpose 

Sets (assigns) the values of the input 
vector to the column vector, designates 
the active column in the matrix, and 
sets the diagonal BOOLEAN to false 

Subtracts the input column matrix from 
the identity matrix (1's on the diagonal) 

Does an A * B * A Transpose operation on a 
Column matrix and a square matrix 

Does an (A * B) * A Transpose operation 
on a Column matrix and a symmetric full 
storage matrix 

The following table lists the allocation of catalog numbers to this part: 

Name 

Se tColumnDi agonal 
Subtract_From_Identity 
ABAJTranspose 
ABA~Sym_Trans 

Catalog # 

P1062-0 | 
P1063-0 j 
P1064-0 j 
P1065-0 I 

3.6.8.2.9.33.8 PART DESIGN 

None. 
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package General_Vector_Matrix_Algebra is 

Diinension_Error : exception; 

pragma PAGE; 
generic 

type VectorJElements is digits <>; 
type Vector_Eleinents_Squared is digits <>; 
type Indices is (<>); 
with function "*" (Left : Vector_Elements; 

Right ; Vector Elements) 
return Vector_Elements_Squared is <>; 

with function Sqrt (Input : Vector Elements_Squared) 
return Vector Elements is <>; 

package Vector_Operations_UnconstraIned is 

type Vectors is array (Indices range <>) of Vector_Eleraents; 

function "+" (Left : Vectors; 
Right : Vectors) return Vectors; 

function "-" (Left : Vectors; 
Right : Vectors) return Vectors; 

function Dot_Product (Left : Vectors; 
Right : Vectors) return Vector_Elements_Squared; 

function VectorJLength (Input : Vectors) return Vector_Elements; 

end Vector_Operations_Unconstrained; 

pragaa PAGE; 
generic 

type VectorElements is digits <>; 
type Vector_Elements_Squared is digits <>; 
type Indices is (<>); 
with function "*" (Left : Vector_Elements; 

Right : Vector Elements) 
return Vector_ETements_Squared is <>; 

with function Sqrt (Input : Vector Elements_Squared) 
return Vector_Elements is <>; 

package Vector_Operations_Constrained is 

type Vectors is array (Indices) of VectorElements; 

function •'+" (Left : Vectors; 
Right : Vectors) return Vectors; 

function •"-" (Left : Vectors; 
Right : Vectors) return Vectors; 

function Dot_Product (Left : Vectors; 
Right : Vectors) return Vector_Elements_Squared; 

function Vector_Length (Input : Vectors) return VectorElements; 

end Vector Operations Constrained; 
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pragna PAGE; 
generic 

type Elements   is digits <>; 
type Col_Indices is (<>); 
type Row_Indices is (<>); 

package Matrix_Operations_Unconstrained is 

type Matrices is array (Rowlndices range <>, 
Col_Indices range <>) of Elements; 

function "+n  (Left : Matrices; 
Right : Matrices) return Matrices; 

function "-" (Left ; Matrices; 
Right : Matrices) return Matrices; 

function •'+" (Matrix : Matrices; 
Addend : Elements) return Matrices; 

function "-" (Matrix    : Matrices; 
Subtrahend : Elements) return Matrices; 

procedure Set_To_Identity_Matrix (Matrix : out Matrices); 

procedure Set_To_Zero_Matrix (Matrix : out Matrices); 

function "*" (Left : Matrices; 
Right : Matrices) return Matrices; 

end Matrix_Operations_Unconstrained; 

pragna PAGE; 
generic 

type Elements   is digits <>; 
type Collndices is (<>); 
type Row_Indices is (<>); , 

package Matrix_Operations_Constrained is 

type Matrices is array (Rov_Indices, 
Col'lndices) of Elements; 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices; 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices; 

function "+" (Matrix : Matrices; 
Addend : Elements) return Matrices; 

function *"-" (Matrix    : Matrices; 
Subtrahend : Elements) return Matrices; 

procedure Set_To_Identity_Matrix (Matrix ; out Matrices); 

procedure Set To Zero Matrix (Matrix ; out Matrices); 
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end Matrix_Operations_Constrained; 

pragma PAGE; 
generic 

type Elements   is digits <>; 
type Collndices is (<>); 
type Row_Indices is (<>); 

package Dynäinically_Sparse_Matrix_Operations_Unconstrained is 

type Matrices is array (Row_Indices range <>, 
Col~Indices range <>) of Elements; 

procedure Set_To_Identity_Matrix (Matrix : out Matrices); 

procedure Set_To_Zero_Matrix   (Matrix : out Matrices); 

function Add_To_Identity (Input : Matrices) return Matrices; 

function Subtract_From_Identity (Input : Matrices) return Matrices; 

function 'V (Left : Matrices; 
Right : Matrices) return Matrices; 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices; 

end Dynamically_Sparse_Matrix_Operations_Unconstrained; 

pragma PAGE; 
generic 

type Elements   is digits <>; 
type Col_Indices is (<>); 
type Row~Indices is (<>); 

package Dynamically_Sparse_Matrix_Operations_Constrained is 

type Matrices is array (Row_Indices, Col_Indices) of Elements; 

procedure Set_To_Identity_Matrix (Matrix : out Matrices); 

procedure Set_To_Zero_Matrix   (Matrix : out Matrices); 

function Add_To_Identity (Input : Matrices) return Matrices; 

function Subtreet_From_Identity (Input : Matrices) return Matrices; 

function 'V (Left : Matrices; 
Right : Matrices) return Matrices; 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices; 

end Dynamically_Sparse_Matrix_Operations_Constrained; 

pragma PAGE; 
generic 

type Elements   is digits <>; 
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type Col_Indlces is (<>); 
type Row_Indices is (<>); 
type Col~Slices is array (Row_Indlces) of Elements; 
type Row_Slices is array (Col_Indices) of Elements; 

package Symmetric_Half_Storage_Matrix_Operations is 

Entry Count : constant POSITIVE 
:- Row_Slices'LENGTH * (Row_Slices'LENGTH + 1) / 2; 

type Matrices is array (1. .Entry_Count) of Elements; 

procedure Initialize (RowSlice : in   Row_Slices; 
Row     : in   Row_Indices; 
Matrix   :   out Matrices); 

function Identity_Matrlx return Matrices; 

function Zero_Matrix   return Matrices; 

procedure Change_Element (New_Value : in   Elements; 
Row" : in   Row_Indices; 
COL : in   Collndices; 
Matrix :   out Matrices); 

function Retrieve_Element (Matrix : Matrices; 
Row   ; Row_Indices; 
COL   : Col'lndices) return Elements; r 

function Row_Slice (Matrix : Matrices; ^ 
Row   : Row_Indices) return Row_Slices; 

function ColumnSlice (Matrix : Matrices; 
COL   : Collndices) return ColSlices; 

function Add_To_Identity      (Input : Matrices) return Matrices; 

function Subtract_From_Identity (Input : Matrices) return Matrices; 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices; 

function M-" (Left : Matrices; 
Right : Matrices) return Matrices; 

end Symmetric_Half_Storage_Matrix_0perat ions; 

pragaa PAGE; 
generic 

type Elements   is digits <>; 
type Col_Indices is (<>); 
type Row~Indices is (<>); 

package Symmetric_Full_Storage_Matrix_Operations_Uncons'trained is 

Invalid_Index : exception; 

type Matrices is array (Row_Indices range <>, «? 
Col Indices range <>) of Elements; 
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procedure Change_Element (Nev_Value : in    Elements; 
Rov-    : in    Row_Indices5 
COL     : in    Col_Indices; 
Matrix   : in out Matrices); 

procedure Set_To_Identity_Matrix (Matrix : out Matrices); 

procedure Set_To_Zero_Matrix (Matrix : out Matrices); 

function Add_To_Identity (Input : Matrices) return Matrices; 

function Subtract_From_Identlty (Input : Matrices) return Matrices; 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices; 

function "-" (Left : Matrices; 
Right ; Matrices) return Matrices; 

end Symmetric_Full_Storage_Matrix_Operations_Unconstrained; 

pragma PAGE; 
generic 

type Elements   is digits <>; 
type Col_Indices is (<>); 

«"-       type Row~Indices is (<>); 
•,    package Symmetric_Full_Storage_Matrix_Operations_Constrained is 

type Matrices is array (Row_Indices, Col_Indices) of Elements; 

procedure Change_Element (Nev_Value : in   Elements; 
Rov : in   Rov_Indices; 
COL : in    Col_Indices; 
Matrix : in out Matrices); 

procedure Set_To_Identity_Matrix (Matrix : out Matrices); 

procedure Set_To_Zero_Matrix (Matrix : out Matrices); 

function Add_To_Identity (Input : Matrices) return Matrices; 

function Subtreet_From_Identity (Input : Matrices) return Matrices; 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices; 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices; 

end Symnietric_Full_Storage_Matrix_Opeiations_Constrained; 

pragma PAGE; 
generic 

uftv      type Elements    is digits <>; 
^      type Collndices  is (<>); 

type Row_Indices  is (<>); 
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type Col_Sllces   is array (Rowlndices) of Elements; ^ 
type Row_Slices   is array (Col_Indices) of Elements; 

package Diagonal_Matrix_Operations is 

Invalid_Index ; exception; 

Entry_Count : constant POSITIVE := Row_Slices'LENGTH; 

subtype Diagonal_Range is POSITIVE range 1. .EntryCount; 

type Diagonal_Matrices is array (Diagonal_Range) of Elements; 

function Identity_Matrix return Diagonal_Matrices; 

function Zero_Matrix   return Diagonal_Matrices; 

procedure Change_Element (Nev_Value : in    Elements; 
Row" : in    Row_Indices; 
COL : in   Col_Indices; 
Matrix :   out Diagonal_Matrices); 

function Retrieve_Element (Matrix : Diagonal_Matrices; 
Row    : Row_Indices; 
COL   : Col_Indices) return Elements; 

function RowSlice (Matrix : DiagonalMatrices; 
Row   : Row Indices) return Row Slices; 

c function Column_Slice (Matrix : Diagonal_Matrices; ~ 
COL   : Col_Indices) return Col_Slices; 

function AddToIdentity (Input : DiagonalMatrices) 
return DiagonalMatrices; 

function Subtract_From_Identity (Input : Diagonal_Matrices) 
return Diagonal_Matrices; 

function "+" (Left : DiagonalMatrices; 
Right : Diagonal_Matrices) return Diagonal_Matrices; 

function "-" (Left : DiagonalMatrices; 
Right : Diagonal_Matrices) return Diagonal_Matrices; 

end Diagonal_Matrix_Operations; 

pragma PAGE; 
generic 

type Elementsl is digits <>; 
type Elements2 is digits <>; 
type Scalars  is digits <>; 
type Indicesl is (<>); 
type Indices2 is (<>); 
type Vectorsl is array(Indicesl range <>) of Elementsl; 
type Vectors2 is array(Indices2 range <>) of Elements2; 
with function "*H (Left : Elements2; j&f 

Right : Scalars) return Elementsl is <>; v» 
with function "/" (Left : Elementsl; 
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Right : Scalars) return Elenients2 is <>; 
package Vec»or_Scalar_Operations_Unconstrained is 

function "*" (Vector    : Vectors2; 
Multiplier : Scalars) return Vectorsl; 

function "/" (Vector : Vectorsl; 
Divisor : Scalars) return Vectors2; 

end Vector_Scalar_Operations_Unconstrained; 

pragma PAGE; 
generic 

type Elementsl is digits <>; 
type Elements2 is digits <>; 
type Scalars  is digits <>; 
type Indices  Is (<>); 
type Vectorsl Is array(Indices) of Elementsl; 
type Vectors2 is array(Indices) of Elements2; 
with function "*" (Left : Elements2; 

Right : Scalars) return Elementsl is <>; 
with function "/" (Left : Elementsl; 

Right : Scalars) return Elements2 is <>; 
package Vector_Scalar_Operations_Constrained is 

function "*" (Vector    : Vectors2; 
Multiplier : Scalars) return Vectorsl; 

function "/" (Vector : Vectorsl; 
Divisor ; Scalars) return Vectors2; 

end Vector_Scalar_Operat ions_Constrained; 

pragma PAGE; 
generic 

type Elementsl   is digits <>; 
type Elements2   is digits <>; 
type Scalars    is digits <>; 
type Collndicesl is (<>); 
type Row_Indicesl is (<>); 
type Col_Indices2 is (<>); 
type Row_Indices2 is (<>); 
type Matricesl   is array (Rowlndicesl range <>, 

Col~Indicesl range <>) of Elementsl; 
type Matrices2   is array (Rov_Indices2 range <>, 

Col~Indices2 range <>) of Elements2; 
vith function "*" (Left : Elementsl; 

Right : Scalars) return Elements2 is <>; 
vith function "/" (Left : Elements2; 

Right : Scalars) return Elementsl is <>; 
package Matrix_Scalar_Operations_Unconstrained is 

function "*" (Matrix    : Matricesl; 
Multiplier : Scalars) return Matrices2; 

function "/" (Matrix : Matrices2; 
Divisor : Scalars) return Matricesl; 
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end Matrix Scalar Operations Unconstrained; 

Page 568 

4 
pragma PAGE; 

generic 
type Elementsl 
type Elements2 
type Scalars 
type Col_Indices 
type Row~Indices 
type Matricesl 
type Matrices2 
with function "*" 

vith function "/" 

is digits <>; 
is digits <>; 
is digits <>; 
is «>); 
is (<>); 
is array (Row_Indices, Col_Indices) of Elementsl; 
is array (Rowlndices, Col~Indices) of Elements2; 
(Left : Elementsl; 
Right : Scalars) return Elements2 is <>; 
(Left : Elements2; 
Right : Scalars) return Elementsl is <>; 

package Matrix_Scalar_Operations_Constrained is 

function •,*,, (Matrix 
Multiplier 

function "/" (Matrix 
Divisor 

Matricesl; 
Scalars) return Matrices2; 

Matrices2; 
Scalars) return Matricesl; 

end Matrix Scalar Operations Constrained; 

pragma PAGE; 
generic 

type Elementsl 
type Elements2 
type Scalars 
type Diagonal_Rangel 
type Diagonal~Range2 

is digits <>; 
is digits <>; 
is digits <>; 
is range <>; 
is range <>; 

type Diagonal_Matricesl is array(Diagonal_Rangel) of Elementsl; 
type Diagonal~Matrices2 is array(Diagonal_Range2) of Elements2; 
vith function "*" (Left : Elementsl; 

Right : Scalars) return Elements2 is <>; 
vith function "/" (Left : Elements2; 

Right : Scalars) return Elementsl is <>; 
package Diagonal Matrix Scalar Operations is 

function "*" (Matrix 
Multiplier 

function "/' (Matrix 
Divisor 

DiagonalMatricesl; 
Scalars) return Diagonal_Matrices2; 

Diagonal_Matrices2; 
Scalars)~return Diagonal Matricesl; 

end Diagonal_Matrix_Scalar_Operations; 

pragma PAGE; 
generic 

type Matrix_Elements is digits <>; 
type Input_Vector_Elements is digits <>; 
type Output Vector_Elements is digits <>; 
type ColInHices is (<>); 
type Row~Indices is (<>); 
type Input Vector Indices is (<>); 

« 
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type Output_Vector_Indices is (<>); 
type Input_Matrices is array (Row_Indices, 

Col_Indices) of Matrix_Elements; 
type Input_Vectors is array (Input_Vector Indices) of Input_Vector_Elements; 
type Output_Vectors is array (Output_Vector_Indices) of Output_Vector_Elements; 
with function "*" (Left : MatrixElements; 

Right : Input Vector_Eleinents) 
return Output_Vector_Elements is <>; 

with function "+" (Left : Output_Vectör_Elements; 
Right : Output_Vector Elements) 
return Output_Vector_ETements is <>; 

package Matrix_Vectot_Multiply_Unrestrictid is 

function "*" (Matrix : InputMatrices; 
Vector : Input_Vectors) return Output_Vectors; 

end Matrix_Vector_Multiply_Unrestricted; 

pragma PAGE; 
generic 

type Matrix_Elements      is digits <>; 
type Input_Vector_Elements is digits <>; 
type Output_Vector_Elements is digits <>; 
type Indicesl is (<>); 
type Indices2 is (<>); 
type Input_Matrices is array (Indicesl, Indices2) of Matrix_Elements; 
type Input'Vectors is array (Indices2) of Input_Vector_Eleinents; 
type Output Vectors is array (Indicesl) of Output_Vector Elements; 
with function "*" (Left : Matrix_Elements; 

Right : Input Vector_Elements) 
return Output_Vector_Elements is <>; 

with function "+" (Left : Outpüt_Vectör_Elements; 
Right : Output~Vector Elements) 
return Output_Vector Elements is <>; 

function Matrix_Vector_Multiply_Restricte3 
(Matrix : Input_Matrices; 
Vector : Input_Vectors) return Output_Vectors; 

pragma PAGE; 
generic 

type Input_Vector_Elements is digits <>; 
type Matrix_Elernents      is digits <>; 
type Output_Vector_Elements is digits <>; 
type Input_Vector_Indices  is (<>); 
type Col_IncJices ~       is (<>); 
type Row_Indices        is (<>); 
type Output Vector_Indices is (<>); 
type Input_Vectors is array (Input_Vector_Indices) of Input_Vector_Elements; 
type Input_Matrices is array (Row_Indices, 

Col_Indices) of Matrix_Elements; 
type Output_Vectors is array (Output_Vector_Indices) of Output_Vector_Elements; 
with function "*" (Left : Input_Vector_Elements; 

Right : Matrix_Elenients) 
return Output_Vector_Elements is <>; 

with function "+" (Left : Output_Vectör_Elements; 
Right : Output_Vector~Elements) 
return Output_Vector_Elements is <>; 
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package Vector_Matrix_Multiply_Unrestricted is 

function "*" (Vector : InputVectors; 
Matrix : Input_Matrices) return Output_Vectors; 

end Vector_Matrix_Multiply_Unrestricted; 

pragma PAGE; 
generic 

type Input_Vector_Elements is digits <>; 
type Matrix_Elements is digits <>; 
type Output~Vector_Elements is digits <>; 
type Indicesl is (<>); 
type Indices2 is (<>); 
type Input_Vectors is array (Indicesl) of Input Vector_Elements; 
type Input~Matrices is array (Indicesl, Indices2T of Matrix_Elements; 
type Output_Vectors is array (Indices2) of Output_Vector_Eleinents; 
vith function n*H (Left : Input_Vector Elements; 

Right : MatrixElements) 
return Output_Vector_Elements is <>; 

with function "+" (Left : Output_Vector_Elements; 
Right : Output_Vector Elements) 
return Output_Vector Elements is <>; 

function Vector_Matrix_Multiply_Restrlcte3 
(Vector : Input_Vectors; 
Matrix : Input_Matrices) return Output_Vectors; 

pragma PAGE; f 
generic *« 

type Left_Vector_Elemeftts is digits <>; 
type Right_Vector_Elements is digits <>; 
type Matrix_Elements     is digits <>; 
type Left_Vector_Indices  is (<>); 
type Right_Vector_Indices is (<>); 
type Col_Indices        is (<>); 
type Row~Indices        is (<>); 
type LefT Vectors is array (Left_Vector Indices) 

of Left Vector_Elements; 
type Right_Vectors is array (RigHt_Vectör Indices) 

of Right_Vector_Ilements; 
type Matrices    is array (Row_Indices7 

Col_Indices) of Matrix_Elements; 
with function •'*" (Left : Lef tVectorElements; 

Right : RightVectorElements) 
return Matrix Elements is <>; 

package Vector_Vector_Transpose_MuItiply_Unrestricted is 

function "*" (Left : Left_Vectors ; 
Right : Right_Vectors) return Matrices; 

end Vector_Vector_Transpose_Multiply_Unrestrieted; 

pragma PAGE; 
generic 

type Left Vector_Elements is digits <>; oo 
type Right_Vector_Elements Is digits <>; T^ 
type Matrix Elements     is digits <>; 
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type Indlcesl Is (<>); 
type Indices2 is (<>); 
type Left_Vectors is array (Indicesl) of Left Vector_Elements; 
type Right_Vectors is array (Indices2) of RighT_Vector_Elements; 
type Matrices    is array (Indicesl, Indlces2) of Matrix_Elenients; 
with function "*" (Left : Left_Vector_Elements; 

Right : Right_Vector Elements) 
return Matrix_Elements is <>; 

function Vector Vector Transpose Multiply Restricted 
(Lelt : LiftVectors ; 
Right : Right Vectors) return Matrices; 
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is digits <>; 
is digits <>; 
is digits <>; 
is «»i 
is (<>)! 
is (<»; 
is «>); 

V 

pragma PAGE; 
generic 

type Left_Elements 
type Right_Elements 
type Output_Elements 
type Left_Cöl_Indices 
type Left_Row Indices 
type Right_CoT_Indices 
type Right_Row-Indices 
type Output_CoT_Indices is (<>); 
type Output_Row~Indices is (<>)i 
type Left_Mitrices is array (Left_Row_Indices, 

Left Collndices) of Left_Elements; 
type Right Matrices is array (RigHtRöw Indices, 

Right_Col_Indices) 
of Right_Elements; 

type OutputMatrices is array (Output_Row_Indices, 
Ou t pu t~Col~Ind i ces) 

of Output_Ilements; 
Left_Elements; 
Right_Elements) return Output_Elements is <>; 
Output_Elements; 
Output Elements) return Output Elements is <>; 

with function "*" (Left 
Right 

vith function "+" (Left 
Right 

package Matrix Matrix Multiply Unrestricted is 

function "*" (Left 
Right 

Left_Matrices; 
Right_Matrices) return Output_Matrices; 

end Matrix_Matrix_Multiply_Unrestrictedi 

pragma PAGE; 
generic 

type Left_Elements 
type RlghT_Elements 
type Output_Elements 
type MIndices 
type N_Indices 
type P_Indices 
type Left Matrices is 

is digits <>; 
is digits <>; 
is digits <>; 
is «»; 
is «>); 
is «»; 

array  (M Indices, N_Indices) of Left_Elements; 
PIndices) of RightElements; 
P Indices) of Output Elements; 

ft 

type Right_Matrices is array (N_Indices, 
type Output_Matrices is array (M_Indices, 
with function "*" (Left : Left_Elements; 

Right : Right_Elements) return Output_Elements is <>; 
with function "+" (Left : OutputElements; 

Right : Output Elements) return Output Elements is <>; 
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function Matrix Matrix_Multiply Restricted 
(Lelt    : Left_Matrices; 
Right  : Right_Matrices) return Output_Matrices; 

<>; 
<>; 

is digits 
is digits 
is digits <>; 
is «»! 
is «>); 
is «>)! 
is (<>); 

pragma PAGE; 
generic 

type Left_Elements 
type Right_Elements 
type Output_Elenients 
type Left_Col_Indices 
type Left_Row Indices 
type RightCoTlndices 
type Right_Row~Indices 
type Output_CoT_Indices is (<>)i 
type Output_Rov~Indices is (<>); 
type Left_Matrlces is array (Left_Row_Indices, 

Left Collndices) of Left_Eleinents; 
type Right Matrices is array (RigHt_RÖw_Indices, 

RightColIndices) 
of Right_Elenients; 

type Output_Matrices is array (Output_Row_Indices, 
Output~Col_Indices) 

of Output_Elements; 
vith function "*" (Left : LeftElements; 

Right : RightJSlements) return Output_Eleinents is <>; 
package MatrixMatrixTransposeMultiplyUnrestrlcted is 

function "*" (Left : Left_Matrices; 
Right : Right Matrices) return Output Matrices; 

mm. •» ^ 

end Matrix_Matrix_Transpose_Multiply_Unrestricted; 

pragaa PAGE; 
generic 

type Left_Elements 
type Right_Elements 
type Output_Elements 
type M_Indices 
type N_Indices 
type P_Indices 
type Left_Matrices is array  (M_Indices, N_Indices) of Left_Elements; 
type Right_Matrices is array (P_Indices, N~Indices) of Right_Elements; 
type Output_Matrices is array (M_Indlces, P~Indlces) of Output_Elements; 
vith function n*n  (Left : LeftElements; 

Right : Right Elements) return OutputJBlernents is <>; 
function Matrix Matrix_Transpose_MuItiply_Restricted 

(Left : LeftMatrices; 
Right : Right Matrices) return Output Matrices; 

pragma PAGE; 
generic 

type Left_Elements is digits <> 
type Right_Elements is digits <>; 
type Result_Elements is digits <>; 
type Left_Indices is (<>); 
type Right_Indices is (<>); 
type Left_Vectors is array (Left_Indices) of Left_Elements; 

is digits <>; 
is digits <>; 
is digits <>; 
is «»; 
is «»; 
is «»; 
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type Right Vectors  is array (Right_Indices) of Right_Elements; 
with function "*" (Left : Left_Elenients; 

Right : Right_Elements) return Result_Elements is <>; 
package Dot_Product_Operations_Unrestricted is 

function Dot_Product (Left : Left_Vectors; 
Right : Right_Vectors) return Result_Elements; 

end Dot_Product_Operations_Unrestricted; 

pragaa PAGE; 
generic 

type LeftJSlements  Is digits <>; 
type Right_Elements is digits <>; 
type Result_Eleinents is digits <>; 
type Indices      is (<>); 
type Left_Vectors   is array (Indices) of Left_Elements! 
type Right Vectors  is array (Indices) of Right Elements; 
with function "*" (Left : LeftElements; 

Right : Right_Elements) return Result_Elements is <>; 
function Dot_Product_Operations_Restricted (Left : Left_Vectors; 

Right : Right Vectors) 
return Result_Ilements; 

pragaa PAGE; 
generic 

type Elements is digits <>; 
type Diagonal_Range       is range <>; 
type Full_Inpüt_Col_Indices is (<>); 
type Full~Input~Row Indices is (<>); 
type Full_Output_CoI_Indices is (<>); 
type Full~Output~Row_Indices is (<>); 
type Diagönal_Matrices   is array (Diagonal_Range) of Elements; 
type Full_Input_Matrices is array (Full_Inpüt_Row_Indices, 

Full_Input3Col_Indices) of Elements; 
type Full_Output_Matrices is array (Full_Output_Row_Indices, 

Full_Output~Col_Indlces) of Elements; 
package Diagonal_Full_Matrix_Add_Unrestricted is 

function H+" (D_Matrix : Diagonal_Matrices; 
F~Matrix : FulllnputMatrices) return Full_Output_Matrices; 

end Diagonal_Full_Matrix_Add_Unrestricted; 

pragma PAGE; 
generic 

type Elements       is digits <>; 
type Diagonal_Range   is range <>; 
type Indices -      is (<>); 
type Diagonal_Matrices is array (Diagonal_Range) of Elements; 
type Full_Matrices   is array (Indices, Indices) of Elements; 

function Diagonal_Full_Matrix_Add_Restricted 
(D_Matrix : Diagonal_Matrices; 
F_Matrix : Full_Matrices) return FullMatrices; 

pragma PAGE; 
generic 
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type A_Elements 
type B_Elements 
type C_Elements 
type M_Indices 
type N_Indices 
type A_Matrices is 
type B_Matrices is 
type C_Matrices is 
with function "*"( 

with function ,,*"( 

is digits <>; 
is digits <>; 
is digits <>; 
is «»; 
is «»; 
array( M_Indices, 
array( N_Indices, 
array( M_Indices, 
Left : Ä_Elements; 
Right : BElements ) return C Elements is <>; 
Left : C_Elements; 
Right : A Elements ) return C Elements is <>; 

N_Indices ) of A Elements; 
N_Indices ) of B~Elements; 
M Indices ) of C Elements; 

package Aba_Trans_Dynam_Sparse_Matrix_Sq_Matrix is 

function Aba Transpose( A 
B 

A_Matrices; 
B_Matrices ) 
return C Matrices; 

end Aba_Trans_Dynam_Sparse_Matrix_Sq_Matrix; 
pragna PAGE; 

generic 
type VectorElements is digits <>; 
type Matrlx_Elements is digits <>; 
type Scalari is digits <>; 
type Indices is (<>); 
type Vectors is array( Indices ) of Vector_Elements; 
type Matrices is array( Indices» Indices )~of Matrix_Elements; 
with function "*"( Left : Vect-or_Elements; 

Right : Matrix~Elements ) 
return Vector Elements is <>; 

with function "*"( Left : Vector_Elements; 
Right : VectorElements ) 

return Scalars is <>; 
package Aba_Trans_Vector_Sq_Matrix is 

function Aba_Transpose( Ä : Vectors; 
B : Matrices ) return Scalars; 

end Aba_Trans_Vec t or_Sq_Ma t r 1 x; 

pragma PAGE; 
generic 

type Vector_Elements is digits <>; 
type Matrix_Elements is digits <>; 
type Scalars 
type Indices 
type Vectors 
type Matrices 
with function "*"( Left 

Right 
with function ••*"( Left 

is digits <>; 
is «»; 
is array( Indices ) of VectorElements; 
is array( Indices, Indices ) of MatrixElements; 

Vector Elements; 
Scalars ) return Vector_Elements is <>; 
Vector_Elements; 
Vector~Elements ) return Matrix Elements is <>; Right 

package Aba_Trans_Vector_Scalar is 
function Aba_Transpose( A : Vectors; 

B : Scalars ) return Matrices; 
end Aba_Trans_Vector_Scalar; 

pragna PAGE; 
« 
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generic 

type Vector_Elements is digits <>; 
type Indices is (<>); 
type Vectors is array( Indices ) of Vector_Elements; 

package Column_Matrix_Operations is 

type Column_Matrices is record 
Col_Vector    : Vectors; 
Diagonal     : BOOLEAN; 
Active Column ; Indices; 

end record; 

function Set_Diagonal_And_Subtract_From_Identity 
( Column      : Vectors; 
Active_Column : Indices ) return Column_Matrices; 

generic 
type BMatrix Elements is digits <>; 
type C~Matrix~Elaments is digits <>; 
type B_Matrices is array( Indices, Indices ) of B_Matrix_Elements; 
type C~Matrices is array( Indices, Indices ) of C_Matrix_Elements; 
vith function ''*"( Left ; Vector Elements; 

Right : B_MatrTx_Elements ) return B_Matrix_Elements is <>; 
function Aba_Transpose( A : Column_Matrices; 

B : BMatrTces )  return CMatrlces; 

generic 
type B_Hatrix_Elements is digits <>; 
type C~Matrix_Elements is digits <>; 
type B~Matrices is array( Indices, Indices ) of B_Matrix_Elements; 
type C_Matrlces is array( Indices, Indices ) of C_Matrix_Elements; 
vith function "*"( Left ; Vector Elements; 

Right : B_MatrTx_Elements ) return B_Matrix_Elements is <>; 
function Aba_Symm_Transpose( A : Column_Matrices; 

B : B_Matrices )  return C_Matrices; 

end Column_Matrix_Operations; 

end General_Vector_Matrix_Algebral; 
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3.6.8.3 STANDARDJTRIG TLCSC (CATALOG #Pl-0) 

This generic package provides a standard set of trigonometric functions. 

The generic formal 
all calculations, 
derived from the fo 
inputs to the sine, 
the arcsine, arccos 
and tan ratio, will 
types will be used 
subprograms and as 

types allow the user to select the precision to be used for 
Three types, radians, semicircles, and degrees, will be 
rmal parameter 'angle'. These derived types will be used as 
cosine, and tangent subprograms and used as outputs from 

ine, and arctangent subprograms. Two types, sin_cos_ratio 
be derived from the formal parameter 'trig_ratio'. These 

as inputs to the arcsine, arccosine, and arctangent 
outputs from the sine, cosine, and tangent subprograms. 

3.6.8.3.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

Name Type Requirements Allocation 

| Sin function R086, R092, R098        | 
| Cos function R087, R093, R099        | 
| Sin Cos procedure R086, R087, R092        | 
t R093, R098, R099        | 
| Tan function R088, R094, R100        | 
| ArcSin function R089, R095, R101        | 
| ArcCos function R090, R096, R102        | 
j ArcSin ArcCos procedure R089, R090, R095        | 

R096, R101, R102        | 
| ArcTan function R091, R097, R103        | 
| ArcTan2 function 

3.6.8.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

|  Name Type | Description 

| Angle | floating | Used to determine precision of type Radians, 
j j point type | Semicircles, and Degrees 
j Trig_Ratio j floating j Used to determine precision of type 
j j point type j Sin Cos_Ratio and Tan_Ratio 

Data objects: 
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The following table summarizes the generic formal objects required by this 
part: 

| Name   | Type | Value | Description 

| pi_value | Angle  | N/A    | Value to be used for pi 

EXPORTED EXCEPTIONS/TYPES/OBJECTS: 

Data types: 

The following table describes the data types exported by this part: 

Name | Base Type Range |   Description 

| Radians 
j Semicircles 
I Degrees 
j Sin_Cos_Ratio 

Tan Ratio 

Angle 
Angle 
Angle 
Trig_Ratio 

Trig_Ratio 

-00 .. +00 
-00 .. +00 
-00 .. +00 
-1 .. +1 

-00 +00 

Radian unit of measurement 
Semicircle unit of measurement 
Degree unit of measurement 
Result of a sine or cosine 
function 

Result of a tangent function 
function 

3.6.8.3.3 UTILIZATION OF OTHER ELEMENTS 

At the package body level, this part with's the POLYNOMIALS package. This 
package contains packages of generic functions which provide various polynomial 
solutions to functions. 

3.6.8.3.4 LOCAL ENTITIES 

Subprograms: 

A set of subprograms in the Polynomials package will need to be instantiated to 
satisfy the requirements of this part. 

Packages: 

A set of packages in the Polynomials package will need to be instantiated to 
satisfy the requirements of this part. 

3.6.8.3.5 INTERRUPTS 

None. 
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3.6.8.3.6 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with StandardTrig; 
• • • 

type My_Angle    is digits 12; 
type My_Trig_Ratio is digits 12; 

My_Pi : constant My_Angle := 3.141_592_653_5; 
• • • 
package Trig is new StandardJTrig (Angle    «> My_Angle, 

TrigRatio => My TrigRatio, 
PiValue  -> My~Pi); 

• • • 
Angle_Value  :  Trig.Radians; 
SinVilue      : Trig.Sin_Cos_Ratio; 
• • * 
begin 

• # • 
Sin_Value := Trig.Sin(Angle_Value); 

3.6.8.3.7 GLOBAL PROCESSING 

There is no global processing performed by this TLCSC. 

3.6.8.3.8 DECOMPOSITION 

The following table describes the decomposition of this part: 
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| Name 1 Type Input |  Output             | 

| Sin function radians I sin cos ratio 
| Sin n semicircles n 

| Sin n degrees n 

| Cos function radians sin cos ratio 
| Cos " semicircles it 

| Cos " degrees it 

Sin_Cos procedure radians SIN) sin cos ratio 
COS) 

Sin Cos ii semicircles SIN) sin cos ratio 
COS) 

Sln_Cos n degrees SIN) sin cos ratio 
COS) 

Tan function radians tan ratio 
Tan n semisemicircles II 

Tan n degrees n 

ArcSin function sin cos ratio radians 
ArcSin n n semicircles 
ArcSin II n degrees 
ArcCos function sin cos ratio radians 
ArcCos n 

"  * semicircles 
ArcCos n n degrees 
ArcSin_ procedure sin cos ratio ASIN) radians 
ArcCos ACOS)   " 

ArcSln_ n 
" ASIN) semicircles 

ArcCos ACOS)   »' 
ArcSin_ ti 

" ASIN) degrees 
ArcCos ACOS)   " 

ArcTar function tan ratio radians 
ArcTan II "  " semicircles 
ArcTan n 

" degrees 
Arctan2 generic 

function 
" <angles> 

The following table lists the catalog numbers for these parts: 

m 
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Name 

Sin 
Sin 
Sin 
Cos 
Cos 
Cos 
Sin_Cos 

Sin_Cos 

SinCos 

Tan 
Tan 
Tan 
ArcSin 
ArcSin 
ArcSin 
ArcCos 
ArcCos 
ArcCos 
ArcSin_ 
ArcCos 
ArcSin_ 
ArcCos 

ArcSin_ 
ArcCos 
ArcTan 
ArcTan 
ArcTan 

Type 

function 

function 
ii 

procedure 

Catalog # | 

function 
n 

function 
n 

II 

function 
n 

n 

procedure 

function 

P555-0 
P556-0 
P557-0 
P558-0 
P559-0 
P560-0 
P561-0 

P562-0 

P563-0 

P564-0 
P565-0 
P566-0 
P567-0 
P568-0 
P569-0 
P570-0 
P571-0 
P572-0 
P573-0 

P574-0 

P575-0 

P576-0 
P577-0 
P578-0 

3.6.8.3.9 PART DESIGN 

3.6.8.3.9.1 ARCTAN2 (FUNCTION SPECIFICATION) (CATALOG #P537-0) 

This function calculates the arctangent of two input values defining the 
endpoint of a vector. The result of this function is the angle between the 
vector and the positive x-axis and is in the range equivalent to +/- pi. 

If both X and Y equal 0, this function will return a value of 0. 

3.6.8.3.9.1.1 REQUIREMENTS ALLOCATION 

None 

3.6.8.3.9.1.2 INPUT/OUTPUT 

jj&)  GENERIC PARAMETERS: 
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Data types: 

The folloving table describes the generic formal types required by this part: 

Name I Type | Description 

| Angles 
Measurements 

floating point | Data type defining angular measurements   | 
floating point | Data type defining function input types   j 

Data objects: 

The folloving table describes the generic formal objects required by this part: 

|  Name | Type | Description 

Cycle_over_2 | Angles 

Cycle_over_A j Angles 

Number of angular units of measurement in half a 
circle (e.g., pi/2 for Radians, 180 for Degrees, 
and 1.0 for Semicircles) 

Number of angular units of measurement in 1/4 of a 
circle (e.g., pi/4 for Radians, 90 for degrees, 
and .5 for Semicircles) 

Subprograms: 

The folloving table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description 

| "/" | function | Division operator defining the operation: 
j j j Measurements / Measurements => Tan_Ratio 
j Arctan | function | Arctangent function 

FORMAL PARAMETERS: 

The folloving table describes this part's formal parameters: 

| Name | Type Mode  | Description 

| X     | Measurements | in 
j Y     j Measurements j in 

First element of the coordinate pair 
Second element of the coordinate pair 

3.6.8.3.9.1.3 INTERRUPTS 

None. 
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3.6.8.3.9.1.A TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Standard_Trig; 
with Basic_Data_Types; 
• • • 

• • ■ 

package BDT renames Basic_Data_Types; 
use BDT; 
use Trig; 
• • • 
function Atan2 is new BDT.Trig.Arctan2 

(Angles     => Radians, 
Measurements ■> Velocities, 
Cycle over_2 x> 3.14/2.0, 
Cycle~over_4 -> 3.1A/4.0); 

• • • 
Angle        : Radians; 
Veloclty_Vector : Velocity_Vectors := (X => ..., 

Y => ..., 
Z => 0.0); 

t • • 

begin 

Angle :- ATan2 (X -> Velocity_Vector(X), 
Y -> Velocity_Vector(Y)); 

3.6.8.3.9.1.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.3.9.1.6 DECOMPOSITION 

Nope. 
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generic 
type Angle    is digits <>; 
type TrigRatio is digits <>; 
Pi_Value      : in Angle; 

package StandardJTrig is 

type Radians is new Angle; 
type Semicircles is new Angle; 
type Degrees   is new Angle; 

type Sin_Cos Ratio is new Trig_Ratio range -1.0 
type Tan Ratio   is new Trig Ratio; 

1.0; 

— —Sine functions 

function Sin (Input 
function Sin (Input 
function Sin (Input 

— —Cosine functions 

function Cos (Input 
function Cos (Input 
function Cos (Input 

— — Sine-Cosine procedures 

procedure Sin Cos 

procedure Sin Cos 

procedure Sin Cos 

Radians) return Sin_0os_Ratio; 
Semicircles) return Sin~Cos_Ratio; 
Degrees)    return Sin-Cos Ratio; 

Radians) return Sin_Cos_Ratio; 
Semicircles) return Sin~Cos~Ratio; 
Degrees)    return Sin-Cos-Ratio; 

(Input : in Radians; 
Sin_Result : out Sin Cos_Ratio; 
Cos_Result : out Sin Cos_Ratio); 
(Input : in Semicircles; 
SinResult ! out Sin CosRatio; 
Cos~Result : out Sin_Cos~Ratio); 
(Input : in Degrees; 
Sin_Result • out Sin Cos_Ratio; 
Cos~Result : out Sin Cos_Ratio); 

— Catalog «P555-0 
— Catalog ffPS56-0 
— Catalog flP557-0 

— Catalog ftP558-0 
— Catalog «P559-0 
— Catalog «P560-0 

■Catalog «P56I-0 

■Catalog KP562-0 

■Catalog IfP563-0 

— —Tangent functions 

function Tan (Input 
function Tan (Input 
function Tan (Input 

— —Arcsine functions 

function Arcsin (Input 
function Arcsin (Input 
function Arcsin (Input 

— — A rccosine functions 

function Arccos (Input 
function Arccos (Input 
function Arccos (Input 

Radians) return Tanjtatio; 
Semicircles) return Tan_Ratio; 
Degrees)    return Tan Ratio; 

Sin_Cos_Ratio) return Radians; 
Sin_Cos_Ratio) return Semicircles; 
Sin Cos Ratio) return Degrees; 

Sin_Cos_Ratio) 
Sin_Cos_Ratio) 
Sin Cos Ratio) 

return Radians; 
return Semicircles; 
return Degrees; 

■Catalog IfP564-0 
• Catalog ffP565-0 
■Catalog ffP566-0 

■Catalog ffP567-0 
■Catalog ffP568-0 
■ Catalog ffP569-0 

— Catalog HP570-0 
— Catalog ff 1^71-0 
— Catalog lfP572-0 

—  — Arcsine-Arccosine functions 



CAMP Software Top-Level Design Document 

procedure Arcsin_Arccos (Input 
Arcsin_Result 
Arccos_Result 

procedure Arcsin Arccos (Input 
Arcsin_Result 
Arccos_Result 

procedure Arcsin_Arccos (Input 
Arcsin_Result 
Arccos Result 
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In Sin_Cos_Ratio; 
out Radians; 
out Radians); 
in Sin_Cos_Ratio; 
out Semicircles; 
out Semicircles); 
in Sin_Cos_Ratio; 
out Degrees; 
out Degrees); 

— Catalog #r573-0 

— Catalog *P574-0 

— Catalog HP575-0 

fi 

— — Arctangent functions 

function Arctan (Input 
function Arctan (Input 
function Arctan (Input 

Tan_Ratio) return Radians; 
Tan_Ratio) return Semicircles; 
Tan_Ratlo) return Degrees; 

— Catalog Hr576-0 
— Catalog /fP577-0 
— Catalog HP578-0 

pragaa PAGE; 
generic 

type Angles     is digits <>; 
type Measurements is digits <>; 
Cycle_0ver_2    : in Angles; 
Cycle Over 4    : in Angles; 
with function "/" (Left : Measurements; 

Right : Measurements) return Tan Ratio is <>; 
vith function Arctan (Input : Tan_Ratio) return Angles   is <>; 

function Arctan2 (X : Measurements; 
Y : Measurements) return Angles; 

end StandardJTrig; s 
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3.6.8.4 GEOMETRIC_OPERATIONS TLCSC (CATALOG #P113-0) 

This part contains the CAMP routines which perform geometric functions relative 
to the Earth frame. 

3.6.8.4.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

| Name Requirements Allocation 

Unit_Radial_Vector 
Uni t_Normal_Vector 
Compüte_Segment_and_üni t_Normal_Vec tor 
Corapu te_Segmen t~andJJni t_Normal_ 
with_Arcsin 

Great~Circle Arc Length 

3.6.8.4.2 INPUT/OUTPUT 

None. 

3.6.8.4.3 UTILIZATION OF OTHER ELEMENTS 

None. 

3.6.8.4.4 LOCAL ENTITIES 

None. 

3.6.8.4.5 INTERRUPTS 

None. 

3.6.8.4.6 TIMING AND SEQUENCING 

None. 

3.6.8.4.7 GLOBAL PROCESSING 

There is no global processing performed by,this TLCSC. 
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3.6.8.4.8 DECOMPOSITION 

The following table describes the decomposition of this part; 

Name I Type Description 

Unit_Radial_Vector 

Uni t_Normal_Vector 

Compute Segment 
and_UnT t_No rmaT_ 
VecTor 

Compute Segment 
and_UnTt NormaT_ 
VecTor_wTth_ 
Arcsin 

Great_Clrcle_Arc_ 
Length 

generic 
function 

generic 
function 

generic 
procedure 

generic 
procedure 

generic 
package 

Computes the unit radial vector of a 
point 

Computes the unit normal vector for a 
course segment 

Computes the unit normal vector and arc 
length of a course segment using the 
assumption alpha-sin(alpha) 

Computes the unit normal vector and arc 
length of a course segment NOT using 
the assumption alpha-sin(alpha) 

Computes the great circle arc length 
between two points 

3.6.8.4.9 PART DESIGN 

3.6.8.4.9.1 UNIT_RADIAL_VECTOR (CATALOG #P114-0) 

This part computes the unit radial vector of a point given the point's latitude 
and longitude. It extends outward from the origin of the Earth- centered 
reference frame towards the point whose latitude and longitude are given. 
The computations performed by this part are as follows: 

UR(X) 
UR(y) 
UR(Z) 

Cos(Lat) * Cos(Long) 
Cos(Lat) * Sin(Long) 
Sin(Lat) 

3.6.8.4.9.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R168. 

3.6.8.4.9.1.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name Type 

Indices discrete 
type 

Earth Positions floating 
point 

Sin Cos Ratio floating 
point 

Unit_Vectors array 

Description 

Used to dimension arrays 

Data type of longitude/latitude values 

Data type of results of sine/cosine 
routines 

One-dimensional, 3-element array of 
Sin Cos Ratio dimensioned by Indices 

Data objects: 

The following table describes the generic formal objects required by this part; 

| Name Type  | Value  | Description I 
| X     | Indices | 'FIRST  | Index into first element of array | 
I Y     I Indices j 'SUCC(X) j Index into second element of array 
j Z     j Indices j 'LAST   | Index into third element of array j 

Subprograms: 

». 
I  The following table describes the generic formal subroutines required by this 

■"  part: 

| Name  | Type    | Description | 

| Sin_Cos | procedure | Returns the sine and cosine of an input value      | 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name Type Mode Description 

| Lat of Point | Earth Positions | In 

I   - "     I     ~       I 
| Long of Point | Earth Positions | In 

| Latitude of point for which a  | 
j unit radial vector is desired 
j Latitude of point for which a 
j unit radial vector is desired 

3.6.8.4.9.1.3 INTERRUPTS 

None. 
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3.6.8.4.9.1.A TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Basic Data_Types; use Basic_Data_Types; 
with Geometric_Operations; 
with Coordinate_Vector_Matrix_Algebra; 
• • • 

package BDT    renames Basic_Data_Types; 
package Geo    renames Geometric_Öperations; 
package CVMA renames Coordinati_Vector_Matrix_Algebra; 
• • ■ 

type Indices is (X, Y, Z); 
• • • 
package Unit_V_0pns is new CVMA.Vector_Operations ... 
subtype Unit~Vectors is Unit_V_0pns.Vectors; 
• • • 
function U_Radial_Vector is new 

Geo.UnitRadialVector 
(Indices      => Indices, 
Earth_Positions e> BDT.Earth Position_Radians, 
Sin_CÖs_Ratio  «> BDT.Trig.Sin_Cos_Ratio, 
Unit_Vectors  -> Unit_Vectors, 
Sin_Cos      »> BDT.Trig.Sin_Cos); 

• • • 
Lat    : BDT.EarthPositionRadians; 
Long   : BDT.Earth Positions Radians; ^ 
URA    : Unit_Vectörs;    ~ (^ 
• • • 

begin 

UR A :- U_Radial_Vector 
(Lat_of Point «> Lat, 
Long ol Point => Long): 

3.6.8.4.9.1.3 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.4.9.1.6 DECOMPOSITION 

None. 

3.6.8.4.9.2 UNIT_N0RMAL_VECT0R (CATALOG #P115-0) 

This function computes the segment unit normal vector for a course segment 
given the unit radial vectors for the two points defining the course segment. 
The computations performed by this part are as follows: 

UNB := UR_B X IIR_A / Length(UR_B X URA) 
where-UN_B :== unit normal vector 

UR_B :«» unit radial vector to point B /$ 
UR A :-» unit radial vector to point A *" 
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3.6.8.4.9.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R169. 

3.6.8.4.9.2.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this parts 

Name 

Unit Vectors 

Type 

private 

Description 

| One-dimensional,  3-element array of 
j Sin_Cos_Ratio j 

Sin_Cos_Ratio  j   floating        j Data type of results of sine/cosine routines   | 
I     point type  j j 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description 

I 
| Cross_Product 
j Vector_Length 

function | Division operator defining the operation: 
j UnitVectors / Sin Cos_Ratio «> Unit_Vectors 

function j Cross product function 
function | Vector length function 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name I Type | Mode Description 

| Unit Radial A | Unit Vectors | In 

I    "    "  I    "      I 
| Unit Radial B j Unit Vectors | In 

Unit radial vector defining one 
endpoint of the course segment 

Unit radial vector defining one 
endpoint of the course segment 

3.6.8.4.9.2.3 INTERRUPTS 

None. 
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3.6.8.4.9.2.A TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Basic_Data Types; use Basic_Data_Types; 
with Georaetric_Öperations; 
with Coordinati_Vector_Matrix_Algebra; 
• * • 

package BDT renames Basic_Data_Types; 
package Geo renames Geometric_Operations; 
package CVMA renames Coordinate_Vector_Matrix_Algebra; 
• • • 
type Indices is (X, Y, Z); 
• • • 
package ünit_V_Opns is new CVMA.Vector_Operations ... 
subtype Unit_Vectors is Unit_V_Opns.Vectors; 
• • • 
function My Cross_Product is new CVMA.Cross Product ... 

package Vector_Scalar_Opns is new CVMA.Vector_Scalar_Operations ... 
• • « 
function U_Normal_Vector is new 

Geo.Unit_Normal_Vector 
(Unit_Vectors -> Unit Vectors, 
Sin_Cos_Ratio -> BDT.Trig.Sin_Cos_Ratio, 
"/"        -> Vector_Scalar_Opns.''/", 
Cross_Product ■> My Cross_Prodüct, ^ 
VectorLength «> UnTtVOpns.VectorLength); C 

• • • 
UR A       : Unit_Vectors;  . 
UR][B        : Unit Vectors; 
UNB       : Unit'Vectors; 
• • • 

begin 
• • • 
UN B  :« U_Normal_Vector 

(UnitRadialA => UR A, 
Unit Radial B => UR B); 

3.6.8.4.9.2.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.4.9.2.6 DECOMPOSITION 

None. 

3.6.8.4.9.3 COMPUTE_SEGMENT_AND_UNIT_NORMAL_VECTOR (CATALOG #P116-0) 

This procedure computes the segment unit normal vector for a course segment and 
the length of the course segment, given the unit radial vectors for the 2 AXK, 
points defining the course segment. ^JP 
The computations performed by this part are as follows: 
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UN_2 
Seg Dist : 

where UN_2 
UR 2 
UR~1 
Seg Dist 

:« UR 2 X UR 1 / Length(UR 2 X URl) 
:- Earth Radius * Length(UR_2 X URl) 

«= unit normal vector 
== unit radial vector to point 2 
■■ unit radial vector to point 1 
1- great circle arc length between points 1 and 2 

3.6.8.4.9.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R169. 

3.6.8.4.9.3.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name I Type | Description 

Indices 

Earth_ 
Distances 
Segment_ 
Distances * 
Sin_Cos_Ratio 

Unit Vectors 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 
array 

Used to dimension Unit_Vectors; this type 
should have a length of 3 

Data type used to define distance 
measurements involving the Earth's radius 
Data type used to define distance measure- 
menets involving nagivation segments 
Data type used to define results of sine/ 
cosine operations 

One-dimensional, 3-element array indexed by 
Indices and containing Sin_Cos_Ratio 
elements 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name      | Type        I Value | Description 

| EarthRadius | Earth_Distances | N/A    | Radius of the Earth 

I 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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$ 

Name 

>•*" 

V 

Cross_Product 
Vector_Length 

Type 

function 

function 

function 
function 

| Description 

Operator defining the operation: 
Earth_Distances * Sin_Cos_Ratio => 
Seginent_Di stances 

Operator defining the operation: 
Unit Vectors / Sin_Cos_Ratio => Unit_Vectors 

Calculates the cross product of two units 
Calculates the length of a vector 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name I Type Mode  | Description 

|  Unit Radiall 
|  Unit Radial2 
j  Unit_Normal2 
j   Segment_ 
|    Distance 

Unit Vectors 
Unit Vectors 
Unit~Vectors 
Segment_ 
Distances 

in          I 
in          | 
out        | 
out         j 

3.6.8.4.9.3.3    11 

None. 

ITERRUPTS 

Unit radial vector to waypoint B 
Unit radial vector to waypoint C 
Segment unit normal vector 
Great circle arc length between 
points 1 and 2 

3.6.8.4.9.3.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Geometric_Parts; 
with Basic DatijTypes; use Basic_Data_Types; 
with Coordinate Vector_Matrix AlgebraT 
with WGS72_Ellipsoid_EngineerTng_Data; 
• • • 

package Geo  renames Geometric_Parts; 
package BDT  renames Basic DatijTypes; 
package CVMA renames CoordTnateVectorMatrix Algebra; 
package WGS72 renames WGS72_Ellipsoid_EngineerIng_Data; 

type Indices is (X, Y, Z); 
• • t 

package Unit_V_Opns is new CVMA.Vector_Operations ... 
subtype Unit~Vectors is Unit_V_Opns.Vectors; 

package Vector_Scalar_Opns is new CVMA.Vector_Scalar_Operations 
• • • 
function Cross_Prod is new CVMA.Cross_Product   ... 
• * • 
procedure Comp_Segment_and_U Nl Vector is new 

Geo.Compute Segment and Unit Normal Vector 

<g 
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(Indices => 
Earth_Distances => 
Segmen t_Di s tances => 
Sin Cos Ratio => 
Unit Vectors => 
EartH Radius »> 
«/it => 
Cross_Product => 
Vector_Length => 

• • • 
UR B : Unit Vectors; 
UR C : Unit Vectors; 
UN~C : Unit_Vectors; 
BC Dist : BOT.Meters; 

begin 

Indices, 
=> BDT.Meters, 

BDT.Meters, 
BDT.Trig.Sin_Cos_Ratio, 
Unit Vectors, 
WGS75.Seminiajor Axis, 
Vector_Scalar_Opns."/", 
Cross_Prod, 

=> Unit_V_Opns.Vector_Length); 

BC Dist Comp Segment and U Nl_Vector 
(Onit_RadIal_T ~ => UR B, 
Unlt_Radial 2   -> UR~C, 
Unit_Normar2   => UN"C, 
Segment_Distance => BC~Dist); 

3.6.8.4.9.3.5 GLOBAL PROCESSING 

I      There is no global processing performed by this Unit. 

3.6.8.4.9.3.6 DECOMPOSITION 

None. 

3.6.8.4.9.4 COMPÜTE_SEGMENT_AND_UNIT_NORMAL_VECTOR_WITH_ARCSIN (CATALOG #P1049-0) 

This procedure computes the segment unit normal vector for a course segment and 
the length of the course segment, given the unit radial vectors for the 2 
points defining the course segment. 
The computations performed by this part are as follows: 

UN_2 
SegDist 

where UN 2 
UR~2 
UR_1 
Seg Dist 

UR_2 X UR 1 / Length(UR 2 X UR 1) 
EarthRadTus * Arcs in (Leng th(UR_2 X URl)) 

BE unit normal vector 
M unit radial vector to point 2 
« unit radial vector to point 1 
■■ great circle arc length between points 1 and 2 

3.6.8.4.9.4.1 REQUIREMENTS ALLOCATION 

None. 



CAMP Software Top Level Design Document Page 596 

3.6.8.A.9.4.2    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

|     Name Type Description 

Indices 

Earth_ 
Distances 

Segment_ 
Distances 

SinCosRatio 

Unit Vectors 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 

array 

Used to dimension Unit_Vectors; this type 
should have a length of 3 

Data type used to define distance 
measurements involving the Earth's radius 

Data type used to define distance measure- 
menets involving nagivation segments 

Data type used to define results of sine/ 
cosine operations 

One-dimensional, 3-element array indexed by 
Indices and containing Sin_Cos_Ratio 
elements 

Data objects: 

The following table describes the generic formal objects required by this part: 

Name      | Type | Value 

Earth Radius I Earth Distances I N/A 

Description 

Radius of the Earth 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name 

"*" 

Arcsin 
Cross_Product 
Vector Length 

Type 

function 

function 

function 
function 
function 

I Description 

Operator defining the operation: 
Earth_Distances * Sin_Cos_Ratio «> 
Segment_Distances 

Operator defining the operation: 
Unit Vectors / Sin Cos_Ratio => Unit Vectors 

Calculates the arcslne of an input value 
Calculates the cross product of two units 
Calculates the length of a vector 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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|  Name Type | Mode ( Description 

| Unit Radiall 
| Unit Radial2 
| Unit_Normal2 
j Segmin t 
j  Distance 

1 Unit Vectors 
j Unit~Vectors 
j Unit~Vectors 
| Segmint_ 
|  Distances 

in    | 
in    | 
out   j 
out   j 

3.6.8.A.9.4.3 

None. 

INTERRUPTS 

Unit radial vector to waypoint B 
Unit radial vector to waypoint C 
Segment unit normal vector 
Great circle arc length between 
points 1 and 2 

3.6.8.4.9.4.4 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Geometric_Parts; 
with Basic DatijTypes; use Basic_Data_Types; 
with Coordinate Vector Matrix Algebra; 
with VGS72_Ellipsoid_EngineerIng_Data; 
• • • 

package Geo  renames Geometric_Parts; 
• package BDT  renames Basic DataJTypes; 
package CVMA renames CoordTnate"Vector_Matrix Algebra; 
package VGS72 renames WGS72_Ellipsoid_EngineerTng_Data; 
• • • 
type Indices is (X, Y, Z); 
• • • 
package Unit_V_Opns is new CVMA.Vector_Operations ... 
subtype Unit_Vectors is Unit_V_Opns.Vectors; 
• • • 
package Vector_Scalar_Opns is new CVHA.Vector_Scalar_Operations ... 
• • • 
function Cross_Prod is new CVMA.Cross_Product ... 
• • • 
procedure Comp_Segment_and_U_Nl_Vector is new 

Geo.Compute_Segment_and_Unit Normal_Vector_with_Arcsin 
(Indices => InHices, 
Earth_Distances -> BDT.Meters, 
Radians => BDT.Trig.Radians, 
Segment Distances => BDT.Meters, 
Sin Cos Ratio => BDT.Trig.Sin Cos Ratio, 
Unit Vectors => Unit Vectors, 
EartR Radius => WGS7l.Semimajor Axis, 
II/H => VectorScala^Opns."/", 
Cross_Product => Cross Prod, 
Vector_Length => Unit_V_Opns.Vector_Length); 

• • • 
UR B : Unit_Vectors; 
UR~C : Unit~Vectors; 
UN"C : Unit~Vectors; 
BC~Dist : BDT.Meters; 
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begin 

BC_Dist := Comp Segment_andJJ_Nl_Vector 
(Önit_Radial_l => UR B, 
Unit_Radial_2 => URC, 
Unit Normal 2 => UN_C. 
Segmint Distance => BC Dist); 

3.6.8.4.9.4.5 GLOBAL PROCESSING 

There is no global processing performed by this Unit. 

3.6.8.4.9.4.6 DECOMPOSITION 

None. 

3.6.8.4.9.5 GREAT_CIRCLE_ARC_LENGTH (CATALOG #P117-0) 

This package contains the function required to compute the great circle arc 
length of a course segment given the latitude and longitude of the two 
endpoints. 

The circle arc length equals: circle radius * angle subtended by the arc 
To define the angle subtended by the arc this part calculates the unit ^T 
radial vectors to the end points of the arc. Since the radials vectors ^ 
have a length of 1 and since it is assumed the angle subtended by the 
arc is "relatively small", the following is true: 
arc length :« radius * angle 

■ radius * sin(angle) 
« radius * (l)*(l)*sin(angle) 
« radius * (length of UR A)*(length of UR B) * sin(angle) 
- radius * length(URB X URA) 

3.6.8.4.9.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirements R082. 

3.6.8.4.9.5.2 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

■» 
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Name Type Description 

| Earth_ 
| Distances 
I Segment_ 
f  Distances 
j Earth Positions 

Sin Cos Ratio 

I 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

Data type used to define distance 
measurements involving the Earth's radius 

Data type used to define distance measure- 
menets involving nagivation segments 

Data type of longitude/latitude 
measurements 

Data type of results of sine/cosine 
routines 

Data objects: 

The following table describes the generic formal objects required by this part: 

|    Name Type Value |    Description                                         | 

|  EarthRadius EarthDistances N/A | Radius of the Earth                          | 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name 

Sqrt 
Sin Cos 

Type | Description 

function 

function 
procedure 

Operator defining the operation: 
Earth_Distances * SinCosRatio »> 
Segment_Distances 

Square root function 
Returns the sine and cosine of an input value 

3.6.8.4.9.5.3 LOCAL ENTITIES 

None. 

3.6.8.4.9.5.4 INTERRUPTS 

None. 

3.6.8.4.9.5.5 TIMING AND SEQUENCING 

The following shows a sample usage of this part: 

with Baslc_Data_Types; use Basic_Data_Types; 
tjJjL with General_Purpose_Math; 

with Geometric Operations; 
wi th WGS72_EllTpsoid_Engineer ingData; 
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package BDT renames Basic_Data_Types; 
package GPMath renames General Purpose_Nath; 
package Geo renames GeometrTc_Operations; 
package WGS72 renames WGS72_EllTpsoid_Engineerlng_Data; 

package Sq Rt is new GPMath.Square Root ... 
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package GC_Arc_Length is new 
Geo.Great_Circle_Arc_Length 

(Earth_Distances => BDT.Meters, 
Segment Distances => BDT.Meters, 
Earth_Positions => BDT.Earth_Position_Maters, 
Sin_CÖs_Ratio => BDT.Trig.Sin Cos_Ratio, 
Earth Radius => WGS72.SemimaJor_Äxix, 
Sqrt «> Sq_Rt.Sqrt, 
Sln_Cos »> BDT.Trig.Sin_Cos); 

• • • 
Lat A BDT.Earth Position Radians; 
Lat_B BDT.Earth Position Rad Lans; 
LongA BDT.Earth Position Rad Lans; 
Long B BDT.Earth Position Rad Lans; 
Arc length BDT.Meters; 

begin 
• • • 
Arc_Length 

GC Arc Length.Compute 
(Latitude_A    -> Lat_A, 
LatitudeB    .> LatB, 
Longitude_A => Long_A, 
Longitude~B => Long_B); 

3.6.8.4.9.5.6 GLOBAL PROCESSING 

There is no global processing performed by this LLCSC. 

3.6.8.4.9.5.7 DECOMPOSITION 

The following table describes the decomposition of this part: 

|    Name      |    Type |    Description 

|  Compute  |   function    | Computes the great circle arc length 

3.6.8.4.9.5.8    PART DESIGN 

None. 
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package Geometric_Operations is 

pragma PAGE; 
generic 

type Indices      is (<>); 
type Earth_Positions is digits <>; 
type Sin_Cos_Ratio  is digits <>; 
type Unit Vectors   is array (Indices) of Sin Cos_Ratio; 
X : in Indices     := Indices'FIRST; 
Y : in Indices     := Indices'SUCC(X); 
Z : in Indices     :« Indices'LAST; 
vith procedure SinCos (Input : in Earth_Positions; 

Sine  : out Sin_Cös_Ratio; 
Cosine : out Sin_Cos_Ratio) is <>; 

function Unit_Radial Vector 
(Lat_0f Point : EarthPositions; 
Long_oT_Point : Earth_Positions) return Unit_Vectors; 

pragma PAGE; 
generic 

type Unit_Vectors is private; 
type Sin Cos_Ratio is digits <>; 
vlth function "/" (Left : Unit_Vectors; 

Right : SinCosRatio) return Unit_Vectors is <>; 
vith function Cross Product (Left : Unit_Vectors; 

Right : Unit_Vectors) 
return Unit Vectors is <>; 

vith function Vector_Length (Input : UnIt_Vectors) 
return Sin_Cos_Ratio is <>; 

function Unit Normal Vector 
(Unit Ra3ial A : Unit_Vectors; 
Unit~Radial~B : UnitVectors) return Unit_Vectors; 

pragma PAGE; 
generic 

type Indices        is (<>); 
type Earth_Distances  is digits <>; , 
type Segment_Distances is digits <>; 
type Sin_Cos_Ratio   is digits <>; 
type Unit Vectors    is array (Indices) of Sin_Cos_Ratio; 
Earth Radius        : in Earth Distances; 
vith function n*" (Left : EarthDistances; 

Right : Sin Cos Ratio) return Segment Distances is <>; 
vith function "/" (Left : Unit_Vectors; 

Right : SinCosRatio) return UnitVectors is <>; 
vith function Cross_Product (Left ~: Unit_Vectors; 

Right : Unit_Vectors) 
return Unit Vectors is <>; 

vith function Vector_Length (Input ; UnTt_Vectors) 
return Sin_Cos_Ratio is <>; 

procedure Compute Segment And_Unit_Normal_Vector 
(Unit'RadialT : in Unit_Vectors; 
Unit_Radial2 : in Unit_Vectors; 
Unit~Normal2 : out Unit_Vectors; 
Segment Distance :   out Segment_Distances); 

pragma PAGE; 
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generic 
type Indices        is (<>); 
type Earth_Distances  is digits <>; 
type Radians        is digits <>; 
type Segment_Distances is digits <>; 
type SinCosRatio   is digits <>; 
type Unit Vectors    is array (Indices) of Sin_Cos_Ratio; 
Earth Radius        : in Earth_Distances; 
with function "*" (Left : Earth_Distances; 

Radians) return Seginent_Distances is <>; 
Unlt_Vectors; 
Sin Cos_Ratio) return Unit_Vectors is <>; 

vith function Arcsin (Input ; Sln_Cos Ratio) return Radians is <>; 
with function Cross Product (Left : Önit_Vectors; 

Right : Unit_Vectors) 
return Unit Vectors is <>; 

with function Vector_Length (Input : UnTt_Vectors) 
return Sin_Cos_Ratio is <>; 

procedure Compute_Segnient And_Unit_Normal_Vector_With_Arcsin 
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(Left 
Right 

with function V" (Left 
Right 

(Unlt_RadialT 
Unit_Radial2 
Unit_Normal2 
Segmen t_Distance 

in    Unit_Vectors; 
in   Unit_Vectors; 

out Unit_Vectors; 
ou t Segmen t_Di s t ances); 

pragma PAGE; 
generic 

type Earth_Distances  is digits <>; 
type Earth_Positions  is digits <>; 
type Segment_Distances is digits <>; 
type Sin CosRatio   is digits <>; 
Earth Radius        : in Earth_Distances; 
with function "*" (Left : EarthDistances; 

Right : Sin Cos_Ratio) return Segment_Distances Is <>; 
with function Sqrt (Input : SinCosRatio) return SinCosRatio is <>; 
with procedure Sin_Cos (Input :~in Earth_Positions; 

Sine  : out Sin Cos_Ratio; 
Cosine : out Sin~Cos_Ratio) is <>; 

package Great_Circle_Arc_Length is 

© 

function Compute (LatitudeA 
Latltude_B 
Longi tude_A 
Longitude~B 

end Great_Circle_Arc_Length; 

end Geometric Operations; 

Earth_Positions; 
Earth_Positions; 
Earth_Positions; 
Earth Positions) return Segment Distances; 
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